Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


y^-'u*     . 


Sri'-.iS 


+  . 


^^ 


SMITHSONIAN 


WELLMEOUS  COLLECTION 


VOL  XXVII. 


WASHINGTON^ 

PUBLISHED  BY  THE  SMITHSONIAN  INSTITUTION. 

1883. 


«;■     % 


f^^^  LIBRARY        ^ 

t  ^'OF    THE 

JUUND  STANPaRD  ;UNtOH 


A,  ^^H 


ADVERTISEMENT. 


The  present  series,  entitled  '^Smithsonian  Miscellaneous  Ck)1  lections/'  is 
intended  to  embrace  all  the  publications  issued  directly  by  the  Smithsonian 
Institution  in  octavo  form ;  those  in  quarto  constituting  the  "  Smithsonian 
Contributions  to  Kno'wledge."  The  quarto  series  includes  memoirs,  embrac- 
ing the  records  of  extendecl  original  investigations  and  researches,  resulting 
in  what  are  believed  to  be  new  truths,  and  constituting  positive  additions  to 
the  sum  of  hunuin  knowledge.  The  octavo  series  is  designed  to  contain 
reports  on  the  present  state  of  our  knowledge  of  particular  branches  of 
science;  instructions  for  collecting  and  digesting  &cts  and  materials  for 
research  ;  lists  and  synopses  of  species  of  the  organic  and  inorganic  world ; 
museum  catalogues ;  reports  of  explorations ;  aids  to  bibliographical  investi- 
gations, etc.,  generally  prepared  a^  ,the  exp|^  Tequest  of  the  Institution, 
and  at  its  expense.  *        .  * 

The  assignment  of  a  work  to  one  or  the  other  of  the  two  series  will  some- 
times depend  upon  whether  the  required  illustrations  can  be  presented  more 
conveniently  in  the  quarto  or  the  octavo  form. 

In  the  Smithsonian  Contributions  to  Knowledge,  as  well  as  in  the  present 
series,  each  article  is  separately  paged  and  indexed,  and  the  actual  date  of 
its  publication  is  that  given  on  its  s])ecial  title  page,  and  not  that  of  the 
volume  in  which  it  is  placed.  In  many  cases  works  have  been  published, 
and  largely  distributed,  years  before  their  combination  into  volumes. 

While  due  care  is  taken  on  the  part  of  the  Smithsonian  Institution  to 
insure  a  proper  standard  of  excellence  in  its  publications,  it  will  be  readily 
understood  that  it  cannot  hold  itself  responsible  for  the  facts  and  conclusions 
of  the  authors,  as  it  is  impossible  in  most  cases  to  verify  their  statements. 

S.  F,  BAIRD, 

Secretary  S.  I. 
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ADVERTISEMENT. 


The  following  forms  the  Jimrth  part  of  a  general  work  on  the 
''C0N8TANTB  OF  Nature,"  of  which  the  first  three  are  as  fol- 
lows: 

Part  I  and  Supplement. — Specific  Gravities,  Boiling  Points  and 
Melting  Points,  by  F.  W.  Clarke. 

Part  II. — ^A  Table  of  Specific  Heats  for  Solids  and  Liquids,  by 
F.  W.  Clarke. 

Part  III. — Tables  of  Expansion  by  Heat  for  Solids  and  Liquids, 
by  F.  W.  Clarke. 

The  manuscript  of  the  present  work  has  been  presented  to  the 
Smithsonian  Institution  by  Mr.  G.  F.  Becker  and  is  published  at 
the  expense  of  its  fund. 

S.  F.  BAIRD, 

Secretary  SnUthsotiian  Institution. 

Washington,  Augxtst,  1880. 
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PREFACE. 


Of  the  fundamental  importance  of  the  most  accurate 
attainable  knowledge  concerning  the  true  atomic  weights 
of  the  elements  there  can  be  no  two  opinions.  If  the  enor- 
mous mass  of  known  facts  relating  to  the  properties  of 
matter  is  ever  to  be  brought  under  wide  generalizations,  it 
is  with  the  simple  substances  that  a  beginning  must  be 
made,  and  with  the  simplest  property  of  these  substances, 
the  relative  weights  of  their  ultimate  particles.  BerzeHus 
held  this  view  and  the  labors  of  Mendelejeff,  Meyer  and 
others  leave  no  question  as  to  the  fact  of  a  relation  between 
the  atomic  weights  and  the  properties  of  simple  and  com- 
pound matter.  Accurate  information  on  the  subject,  how- 
ever, is  not  easily  attainable ;  difterent  writers  on  chemistry 
follow  different  authorities,  and  some  even  take  a  mean 
between  the  results  arrived  at  by  experimenters  of  different 
degrees  of  skill  and  accuracy,  or  assume  some  convenient 
number  without  experimental  foundation.  Nowhere,  to  my 
knowledge,  is  there  even  an  approximately  complete  list  of 
the  determinations  that  have  been  made. 

Forced  back,  myself,  upon  the  original  memoirs  for  in- 
formation, I  believed  that  I  should  do  other  chemists  a 
service  in  presenting  to  them  a  short  but  systematic  digest 
of  each  investigation  on  the  subject,  including  the  following 
points,  so  far  as  they  could  be  ascertained :  The  nature  of 
the  material  experimented  upon,  and  the  method  of  its 
preparation ;  the  experimental  method  adopted  to  effect  the 
determination,  and  the  number  of  experiments;  the  mean 
result  reached  by  the  experiments,  and  the  extreme  differ- 
ence between  the  results;  such  a  record  of  the  constants 
employed  in  the  calculation  as  will  enable  any  one  to  recal- 
culate the  results  for  different  constants ;  and  the  place  in 
•^  where  the  original  paper  is  to  be  found. 

owing  pages  are  the  result.    From  the  information 
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he  will  find  in  them,  the  experienced  chemist  will,  in  most 
cases,  I  think,  be  able  to  decide  which  determination  otkrs 
the  best  guarantees  for  accuracy,  or  at  least  between  which 
determinations  his  choice  must  lie,  forming  his  judgment  to 
a  great  extent  independently  of  the  comparative  reputation 
of  the  observers — not  always  a  safe  guide  where  one  is,  in  a 
general  way,  the  unquestionable  superior  of  the  other — and 
no  guide  at  all  when  the  names  carry  on  the  whole  an  equal 
weight.  As  a  record  of  the  direction  investigations  have 
taken  and  of  analytical  methods  of  the  most  exact  character 
also,  I  hope  that  this  digest  may  not  be  without  value. 

As  this  compilation  would  serve  rather  to  mislead  than 
to  assist  investigators,  unless  it  be  accurate  and  practically 
exhaustive,  it  seems  proper  to  explain  the  manner  in  which 
it  has  been  prepared.  Believing  it  best  to  work  independ- 
ently of  any  previous  compilations,  I  selected  as  my  base 
the  three  great  German  journals — Poggendorff's  Annalen^ 
Liebig^s  Annalerij  and  JSrdmann's  Journal  fur  Praktische 
Chemie.  My  choice  was  determined  not  only  by  the  posi- 
tion these  journals  take  in  chemico-physical  science,  but  by 
the  fact  that  their  indices  are  admirable,  and  their  tone 
cosmopolitan;  all  of  them,  until  lately,  having  furnished 
their  readers  with  the  scientific  news  of  the  time,  and  with 
abstracts  from  and  translations  of  the  important  papers 
published  elsewhere  and  in  whatever  language,  as  well  as 
with  original  investigations.  The  indices  of  these  journals 
I  read  through  from  beginning  to  end,  making  an  extract 
of  every  entry  which  bore  on  the  subject  of  atomic  weights, 
or  which  I  suspected  might  do  so.  In  studying  the  arti- 
cles thus  reached,  every  reference  to  other  atomic  weight 
determinations  was  preserved,  and  the  originals,  so  far  as 
possible,  sought  out;  a  task  in  which  the  Royal  Society's 
Catalogue  of  Scientific  Papers  was  of  the  greatest  assistance. 
Having  exhausted  the  supply  of  information  in  these  jour- 
nals, I  turned  to  Berzelius^  Jahresbericht^  and  to  its  continua- 
tion edited  by  Koppy  Liebig  ei  aLy  and  made  a  study  of  their 
contents  by  the  same  method.  Later,  I  made  a  similar 
systematic  study  of  the  Annales  de  Chimie  et  de  Physique^  the 
Bericht  der  Deutschen  Chemischen  OeseUschafty  the   Chemical 
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New3,  Fresenius'  Zeitschrifl  fur  Analytische  Chemie,  the 
Journal  of  Che  Chemical  Society,  the  Proceedings  of  the  Royal 
Society,  and  the  Philosophical  Transactions,  and  of  SilUman's 
American  Journal  of  Science.  I  have  also  made  some  use  of 
the  Philosophical  Magazine,  and  a  great  deal  of  use  of  the 
Paris  Comptes  Remlns.  These  pubiieationa  are  oot  so  in- 
dexed as  to  make  their  couteuta  readily  available ;  but  what 
appears  in  the  Comples  Rendtis  is  pretty  sure  to  be  noticed 
elsewhere,  and  T  scarcely  think  that  any  determinations 
there  published  have  escaped  me,  I  have  also  made  use  of 
the  Bibliothhjue  Unii'erselle,  Archives  des  Sciences  of  Geneva, 
{an  incomplete  set,  unfortunately,)  the  Zeitschrifl  fUr  Berg- 
HUttm-und  Salinen-Wesen  im  Preussiscfien  Slaate,  Thomson's 
Annals  of  Philosophy,  Gilbert's  Annalen  der  Physik  und  der 
Physikalischen  Chemie,  the  British  Association  Reports,  the 
Transactions  of  the  Royal  Society  of  Edinburgh,  the  Transactions 
of  the  Academies  of  Brussels  and  of  St.  Petersburg,  and  have  con- 
sulted numerous  works  on  chemistry,  particularly  BerzeUtis' 
Lehrbuch  der  Chemie  and  Gmelin-KrauCs  Handhuch  der  Chemte. 
I  have  not  thought  it  necessary,  or  even  desirable,  to  ex- 
tend ray  search  for  atomic  weight  determinations  further 
back  than  Wollaston's  famous  "  Table  of  Equivalents," 
published  in  the  Philosophical  Ti-ansacHons  for  1814.  It  is 
true  that  numerous  determinations  had  been  made  before 
that  time,  but,  with  the  exception  of  those  mentioned  by 
Wollaston,  few  which  can  be  of- either  interest  or  value  to 
the  chemist  of  the  present  day,  except  from  a  purely  histori- 
cal point  of  view.  From  WoUaeton's  table  onwards,  I  have 
not  felt  that  the  purposes  of  this  paper  permitted  of  any 
selection  between  atomic  weight  determinations,  however 
valneless  many  of  them  might  appear  to  my  own  judgment. 
Indeed,  it  has  cost  me  more  labor  to  put  many  ill-made  and 
ill-reported  investigations  into  proper  form  for  this  digest 
than  was  required  for  a  majority  of  those  determinations 
QpOD  which  I  set  the  highest  value.  In  the  attempt  to  make 
a  complete  collection  of  the  determinations  since  the  time 
indicated,  a  few  may  have  escaped  my  search;  but,  if  so, 
they  must  have  fallen  singularly  dead  upon  the  chemical 
world,  and  would  be  unlikely  to  repay  further  labor  in  seek- 
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ing  them.  On  the  other  hand,  I  have  rigidly  excluded 
atomic  weights  calculated  from  analyses  never  designed  so 
to  be  used.  Any  chemist,  upon  whose  experiments  we 
could  rely,  would  proceed  in  a  very  different  manner  in 
making  an  atomic  weight  determination,  from  that  which 
he  would  select  for  an  ordinary  analyws,  and  to  put  his 
credit  at  stake  by  calculating  atomic  weights  from  analyses 
not  designed  for  this  use  is  alike  unfair  to  him  and  to  the 
scientific  public,  which  is  asked  to  receive  as  an  atomic 
weight  determination  what  really  is  not  such. 

The  purpose  of  this  paper  is  distinctly  not  critical,  and 
the  remarks  I  have  added  to,  or  inserted  in,  the  digest  are 
simply  explanatory.  I  have,  however,  frequently  mentioned 
criticisms  which  have  appeared  in  literature  when  they 
seemed  pertinent. 

As  for  the  accuracy  with  which  the  digests  have  been 
made,  I  may  state  that  the  preponderating  importance  of 
this  point  has  been  constantly  before  my  mind.  In  the 
effort  to  crowd  the  maximum  amount  of  information  into 
the  fewest  words,  I  have  had  occasion  to  refer  to  most  of 
the  papers  digested  a  number  of  times,  and  at  long  inter- 
vals. I  have  always  taken  advantage  of  such  occasions,  as 
well  as  those  on  which  I  have  met  with  a  reprint,  transla- 
tion or  abstract  of  a  determination,  to  verify  the  rough 
draughts  of  my  digests.  Only  in  a  couple  of  instances  have 
I  thus  discovered  a  trifling  error.  On  the  other  hand,  I 
have  been  able  to  detect  and  point  out  numerous  misprints 
and  miHcalculationfl  in  the  original  sources.  While,  there- 
fore, I  cannot  hope  entirely  to  have  escaped  error  in  the 
thousands  of  values  I  have  copied,  and  the  almost  equal 
number  of  calculations  I  have  made,  I  have  strong  hopes 
that  the  accuracy  of  this  digest  will  be  found  at  least  on  a 
par  with  that  of  the  original  papers. 

When,  as  in  the  cane  with  provoking  frequency,  chemisU 
have  givon  thoir  analyti(*al  data,  but  have  omitted  to 
the  atotnio  W(«ificli<'*»  <*(*  othor  constants,  assumed  in 
ing  thrir  roNultM,  I  liavn  ri'culculatod  their  data  wiHi 
constantM,  wliinh  t  havo  in  murh  case  stated.    I) 
many  instatUMm,  rdoiilculuiiMl  doturmination8  <  '^ 
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in  which  constants  varying  considerably  from  those  now 
received  were  assumed.  I  have  further  reduced  the  deter- 
xninations  originally  given  in  terms  of  O  =  100,  or  of  O  = 
15.969  to  O  =  16.  No  confusion,  however,  will  be  found 
between  the  numbers  for  which  the  original  investigators 
are  responsible  and  my  own.  All  values  which  I  have  cal- 
culated are  in  italics,  or,  with  my  explanations,  enclosed  in 
square  brackets.  The  only  arithmetical  operation  I  have 
permitted  myself  to  perform  without  these  indications  is  a 
multiplication  or  division  by  two;  and  even  in  such  cases 
it  will  usually  appear  from  the  digest  itself  that  this  opera- 
tion has  been  performed. 

The  abbreviations  of  the  literary  references  are  essentially 
those  adopted  in  the  Royal  Society's  Catalogue  of  Scientific 
Papers.  The  first  reference  in  each  case  is  to  the  source 
upon  which  I  have  depended.  When  two  references  are 
necessary,  they  are  connected  by  the  word  and.  When  my 
authority  is  not  the  original'  source,  that  to  which  it  is  ac- 
credited in  my  authority  is  also  mentioned. 

In  conclusion,  I  shall  be  grateful  to  any  one  who,  by 
drawing  my  attention  to  omissions  or  mistakes,  will  assist 
me  in  perfecting  a  labor  which  has  occupied  all  my  availa- 
ble time  for  twenty  months. 

Berkelet,  Cal.,  Aprils  1878. 


Postscript. 


In  preparing  the  following  paper,  I  designed  making  it 
preliminary  to  a  discussion  of  the  various  determinations 
and  of  the  value  to  be  assigned  to  each,  and  in  this  work  I 
had  already  made  some  progress.  After  presenting  this 
paper  to  the  Institution,  however,  I  learned  that  Prof.  F.  W. 
Clarke  had  been  for  some  time  engaged  on  a  similar  under- 
taking, and  to  him  I  gladly  resigned  the  discussion  of  the 
Am^  ****••  compiled.     The  two  papers  will  appear  in  the 

4  may  be  regarded  as  complementary. 

G.  P.  B. 
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ATOMIC  WEIGHT  DETERMINATIONS. 


ALUMINIUM, 

The  specific  heat  of  alumiDiam,  as  determined  by  Regnault 
and  by  Kopp,  and  the  vapor  density  of  volatile  compounds, 
as  determined  by  Deville  and  Troost  and  by  Odling,  indicate 
that  the  atomic  weight  of  this  element  is  about  27.5.  (GW- 
lin-Krauty  Handbuch  der  Chemie^  7,  39;  and  L.  Meyer ^  Modmie 
Theorien  der  Chemie^  60.) 

J.  J.  Berzelius  :  iS7£67  (O  =  16). 

100  parts  of  anhydrous  aluminic  sulphate  decomposed  by 
heat,  gave  29.984  parts  of  oxide.  Preparation  not  described. 
Number  of  experiments,  probably  1.  In  Berzelius^  Lehrbuch 
these  data  are  calculated  for  S  =  200.75,  and  give  Al  = 
170.9  (O  =  100,)  or  e7.3U  (O  =  16.)  [If  S  =  32,  the  data 
give  Al  =  27.267.]    {Poggend.  Ann.,  <S,  1826,  187.*) 

T.  Thomson  :  30  {O  =  16).  t 

Thomson  found,  probably  from  analysis  of  the  sulphate, 
{see  appendix,)  that  126  Al  =  100  O.  Thomson  supposed 
aluminic  oxide  to  be  a  protoxide.  [If  it  is  a  sesqui-oxide, 
the  data  give  Al  at  80.]  ( Thomson's  System  of  Chemistry y  7th 
ed.,  i,  1831,  454.) 

W.  W.  Mather  :  20.55  (O  =  16). 

According  to  this  chemist  0.646  grammes  of  chloride, 
prepared  according  to  Woehler,  gave  2.055  grammes  argen- 

*  This  article  bj  Berzelius,  which  contains  the  particulars  of  a  large  part 
of  his  earlier  atomic  weight  determinations,  will  be  referred  to  frequently 
in  the  course  of  this  paper.  It  is  unfortunately  full  of  misprints,  all  of 
which  are,  by  no  means,  corrected  in  the  table  of  errata  at  the  end  of  the 
Tolume.  The  correctly  printed  values  of  the  atomic  weights  discussed  in 
it  are  to  be  found  in  Poggend.  Ann.,  lo,  1827,  889. 

f  It  must  be  remarked,  in  justice  to  Dr.  Thomson,  that  his  atomic  weight 
dtfeomioations  are,  properly  speaking,  of  a  different  nature  from  those  of 
chemisU.    So  thoroughly  persuaded  was  he  of  the  truth  of  Front's 
rthat  the  atomic  weights  of  the  elements  are  all  exact  multiples 
^^Hifl^,)  that  his  experiments  were  directed  merely  towards 
\  multiple,  in  any  case,  was  to  be  adopted. 
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tic  chloride,  and  0.2975  aluminic  oxide.  {SillimarCs  Amer. 
Joum.y  27  1835, 138,  241.)  Berzelius  points  out  the  incon- 
eistency  of  these  data.  {Berzdius*  Jahresberichty  16j  1885, 
138.) 

C.  TissiER :  27.12  (O  =  16). 

Determined  by  dissolving  alaminium  in  chlorhydric  acid^ 
evaporating  to  dryness  with  excess  of  nitric  acid  and  de- 
composing the  nitrate  by  heat.  The  alaminium  employed 
contained  0.135  per  cent,  sodium.  1.935  of  this  metal  gave 
8.645  oxide.  [If  Na  =  23,  these  data  give  Al  =  27.12.} 
The  metal  was  prepared  by  heating  aluminic  fluoride  witn 
purified  sodium  in  a  graphite  crucible.  {Paris  Comptes 
Bend.,  Jfi,  1858, 1105.) 

J.  Dumas  :  27.446  (O  =  16). 

Determined  by  six  experiments  on  the  titration  of  aluminic 
chloride  with  argentic  nitrate.  The  mean  result  was  Al  = 
18.723  (0=8) ;  extreme  diflference  0.09.  The  aluminic  chlo- 
ride, which  had  been  prepared  on  a  large  scale,  was  purified 
by  sublimation  over  iron-filings  and  over  aluminium  filings, 
and  by  a  third  sublimation  in  a  current  of  hydrogen  over 
aluminium  filings,  after  which  it  was  melted.  Experiments 
on  the  oxidation  of  aluminium  were  found  unsatisfactory  on 
account  of  the  difficulty  of  obtaining  the  metal  pure.  They 
gave  Al  at  from  13.74  to  13.89.  Dumas  takes  Ag  ^  108; 
CI  =  85.5.     (Ann.  de  Chim.  et  de  Phys.,  (3,)  66, 1859, 151.) 

W.  Odlinq  :  27.5  (O  =  16). 

Determined  from  the  vapor  density  of  aluminium  metbide 
and  ethide  at  220"^  and  upwards.  (Phil.  Mag.,  (4,)  29, 1865^ 
816.) 

— .  Isnard:  27  (0  =  16). 

Pure  aluminium  dissolved  in  chlorhydric  acid,  evaporated 
and  lieaU.'rl  to  redncHs,  gives  V  of  its  weight  in  oxide.  {Paris 
Comptffi  JlriuL,  (JO,  1868,  508.) 

?olouz(;  and  Fromy /five  ^7.557  (0  =  16);  170.98  (0  = 
100,)  for  tho  uUmiif;  weight  of  aluminium,  and  assert  that    -^ 
this  value  is  deriviirl  from  the  composition  of  pota8farafaMy|M 
but  they  give  no  authority  for  the  value.     The  experiai^^^H 
were  macie  hv  precipitation  with  barium  chloride. 
de  Chimie,  8d  ed,,  /,  60.) 


ANTIMONY. 

From  the  specific  Iieal  of  antimony,  as  determined  by 
Bunsen,  Regiiault,  aud  others,  and  from  the  vapor  density 
of  volatile  corapounda,  as  determined  by  Mitscherlich,  Loe- 
%vig  and  Scbweizer  and  others,  it  is  certain  that  the  atomic 
weight  must  be  about  120.  {Gmdin-Kraut^  I.  c;  and  L. 
Meyer,  l.  c.) 

J.  J.  Berzelius:  1:79.03 {0  =  16);  806.452  (0  =  100). 

100  parts  of  pure  antimony,  oxidized  witli  nitric  acid, 
evaporated  to  dryness,  and  heated  to  redness,  gave  124.8 
antimonic  antimouiate.  The  number  of  experiments  and 
the  preparation  of  the  metal  are  not  given,  {Poggend.  Ann.y 
8,  1826,  23.) 

R.Schneider:  120.3  (0  =  16);    751.a(0  =  100). 

Determined  by  experiments  on  the  reduction  of  native 
antimonic  ter-sulphide  in  a  current  of  hydrogen.  The  only 
foreign  substance  to  be  found  in  the  mineral  was  silicic  acid, 
whicu  was  determined  in  each  ease.  The  temperature  was 
kept  as  low  as  possible,  and  the  amount  of  sulphide  vola- 
tilized, and  of  that  undecoraposed  by  the  process,  was 
determined.  The  mean  composition,  as  ascertained  by  eight 
experimenttj,  was  71.48  antimony — extreme  difterence,  0.078; 
and  28.52  per  cent,  sulphur.  The  atomic  weight  was  cal- 
culated from  the  mean  for  8^200.  [Poggend.  Aim.,9S, 
1856,  293.)  Schneider  published  a  preliminary  note  in 
Poggend,  Ami,,  97,  1856,  483,  in  which,  from  a  portion  of 
the  above-mentioned  experiments,  he  deduced  the  value 
120.25. 

H.  Rose  and  Weber;  1S0.G36  (0  =  16). 

Rose  published  this  determination  expressly  as  a  confirma- 
tion of  Schneider's  value.  Antimony  ter-chloride  was  dis- 
solved in  water  containing  tartaric  acid,  aud  decomposed 
by  hydrogen  sulphide.  Sulphur  was  removed  from  the 
filtrate  by  ferric  sulphate,  and  the  chlorine  determined  with 
argentic  nitrate.  2.162  antimony  chloride  were  found  equiv- 
alent to  4.097  argentic  chloride.  [If  Ag=  107.93  and  CI 
=  85.457,  these  (lata  give  Sb  =  120.626 ;  or,  for  0  =  100. 
Sb  =  753.92.]  Rose,  adopting  some  other  values  gets 
1508.67  [twice  754.34.]     He  also  recalculates  some  eartli 
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analyBes  of  the  ter-cbloride,  and  the  penta-chloride  (PoggemL 
^nn.,  Sy  1825,  448)  made  by  himself  by  the  same  method, 
which  give  respectively  1512.91  and  1508.6.  {Poggend.  Ann.^ 
98,  1856,  455.) 

W.  P.  Dexter  :  122,836  (O  =  16) ;  764.6  (O  =  100). 

Attempts  were  made  to  determine  the  atomic  weight  of 
antimony  from  its  reducing  action  on  the  chloride  of  gold, 
but  no  constant  result  was  obtained.  Berzelius'  method  {vide 
^uitra)  was,  therefore,  adopted.  From  the  mean  of  ten  irre- 
proachable experiments  Dexter  deduces  the  value  1529.2; 
extreme  difference,  8.  The  metal  was  prepared  as  follows : 
From  antimony  tartrate,  sodium  metantimonate  was  pre- 
pared, and  antimonic  acid  separated  out  with  nitric  acid. 
jThe  antimonic  acid  was  reduced  with  carbon,  and  melted 
with  another  portion  of  antimonic  acid  to  remove  traces  of 
^Oilium,  etc.  It  was  also  heated  in  a  current  of  hydro^n 
to  remove  traces  of  oxide.  The  investigation  was  earned 
out  in  Bunsen's  laboratory,  and  with  his  assistance.  {Pog- 
yeNt/,  Ann.,  100,  1857,  563.) 

XDrnAS:  122  (0  =  16). 

Ninthor  the  reduction  of  cervantite  nor  of  the  sulphide, 
nor  the  oxidation  of  metallic  antimony  rave  accordant  re- 
»ult^  Dumas,  then^for^,  resorted  to  the  analysis  of  the 
tor^'^hloride  with  argentic  nitrate.  The  chloride  was  pre- 
)viro\l  by  thr\H>  difil^reut  methods,  and  was  dissolved  in  water 
aoiduUusl  with  tartaric  acid.  Seven  experiments  gave  an 
awr^^  of  1i1.?TS:  extreme  difference.  0.69.  Ae  =  108; 
i^  «\V.V    v*'^'*-  ^''  ^^»'«-  ^'  '^  -P*y^^.  i*.^  lSo9, 175.) 

V\  Kie^uKK:  122.54  vO  =  16V 

In  tvM^r  cxivrimcnt;5i  crystal*  of  antimooT  ter-onde  were 
v^«|v%^v>nIx  Thi*  oxMe  Ivid  Kvu  ^ab!:med'  in  a  cannot  of 
I'^rns  %\ry  v>arKM\ic  aciU.  A  knc^wn  wv:^^::  c^f  ihe  compoond 
x^iw  n^r\\  xwi^hnsl  in  a  ohUvrhyvinc^  ao:d  $v>!onoci  by  a 

T^  tv^wam^^r  xva*  tuixiUsi  wi^h  »  $::;&:si*;>i  ^xctaoo  of 
|s>ia^'  V^  ohrvM\^atv,  a«%J  ^^s\n^r«::^a:^  w::*  :yrroQ$  cUo- 
rts^     W  ^HNAn  iw«5i  >i^a»  Sb  ^  liil^     Ir, 
WM^?»  MiMat^K"  A^uwxM\\  \\a*  s^n\;\ovosi      I; 


ANTIMONY.  11 

stannous  chloride.  The  excess  of  this  reagent  was  chlori- 
dized  by  mercuric  chloride,  calomel  being  separated  by  fil- 
tration. The  experiment  was  continued  exactly  as  in  the 
cases  where  the  oxide  was  taken  to  start  with.  The  mean 
of  the  experiments  on  metallic  antimony  was  122.84.  The 
mean  of  the  seven  experiments  above  described  is  122.24; 
extreme  difference,  0.94.  K  =  39.12;  CI  =.107.97.  Kessler 
also  made  experiments  by  Rose's  method,  but  got  discord- 
ant results.    {Poggend.  Ann.y  113^  1861, 145.) 

B.  Unger  :  119.76  (O  =  16). 

Determined  by  analysis  of  sodium  sulph-antimonate, 
(Schlippe's  Salt.)  {Kopp^s  Jarresbericht^  1871,  325;  Arch. 
der  Pharm.y  (2,)  147, 193;  14Sj  1.)  A  single  determination 
by  a  method  from  which  great  accuracy  could  not  be  ex- 
pected. S  =  32 ;  Na  =  23.  (J.  P.  Cooke,  Jr.,  in  Proc. 
Amer.  Acad.,  13,  6.) 

J.  P.  CooKB  Jr. :  120  (O  =  16). 

Cooke  objects  to  the  determinations  of  Dexter  and  Dumas, 
on  the  ground  that  there  is  no  sufiicient  evidence  of  the 
absence  of  higher  or  lower  compounds  of  the  same  elements 
in  the  salts  employed. 

In  two  experiments  antimony  was  dissolved  and  precipi- 
tated as  sulphide,  which  was  heated  to  240^  before  weis^h- 
ing.  The  formation  of  free  S  was  prevented,  occluded 
tartaric  acid  was  determined,  but  occluded  oxy-chloride  was 
neglected.  The  experiments  gave  each  Sb  =  120.6  for  S 
=  32.  In  thirteen  experiments  Sb  was  dissolved  in  a  mini- 
mum of  nitric  acid,  and  the  solution  boiled  over  bullets  of 
Sb  to  complete  saturation.  The  sulphide  was  then  precipi- 
tated in  an  atmosphere  of  carbon  di-oxide.  The  precipitate 
contained  no  free  S.  The  oxy-chloride  was  driven  off  at 
180^  and  determined.  The  tartaric  acid  was  decomposed 
at  210°  and  determined.  The  errors  are  opposed  and  min- 
ute. The  mean  of  the  weighings  of  sulphide,  dried  at  180°, 
?ive  Sb  =  119.994  for  8  =  32;  extreme  difference,  1.01. 
he  mean  of  weighings  olF  sulphide  heated  to  210°  gave  Sb 
=  120.295 ;  extreme  difference,  1.07.  General  mean  Sb  = 
120.145.  Fifteen  analyses  of  antimonious  bromide  gave  the 
Br  contents  at  66.6665  per  cent,  for  Ag  =  108,  Br  =  80,  with 
an  extreme  difference  of  0.195.  This  composition  gives  Sb 
■"^^  In  seven  experiments  the  iodide  was  analyzed.  For 
^od  Ag  =  108,  it  gave  a  mean  of  76.051  per 
Bb  =  120.     It  was  also  shown  that  the  chloride 
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cannot  be  prepared  free  from  oxy-chloride,  and  that  its  Sb 
and  CI  contents  correspond  to  Sb  =  120.  Metallic  Sb  was 
prepared  by  reduction  of  sodic  antimoniate,  or  of  oxide, 
with  potassic  cyanide,  or  by  Liebig's  method.  In  all  cases 
it  was  fused  for  several  hours  under  its  own  oxide.  The 
haloid  salts  were  purified  by  fractional  recrystallization  and 
distillation,  in  part  in  a  current  of  carbon  di-oxide.  {Proc. 
Am.  Acad.,  13 ,  1877, 1.) 


ARSENIC. 


The  specific  heat  of  metallic  arsenic,  as  determined  by 
Regnault,  and  the  vapor  density  of  a  number  of  volatile 
compounds,  as  determined  by  Dumas,  Mitscherlich,  Bunsen, 
and  others,  prove  that  the  atomic  weight  of  this  element 
must  be  in  the  neighborhood  of  75.  {Gmelm-Krauty  L  c; 
and  L.  Meyer ^  L  c.) 

J.  J.  Berzelius:  75.1  (O  =  16);  469.4  (O  =  100). 

2.203  grammes  of  arsenious  acid,  heated  with  sulphur  in 
a  distilling  apparatus  in  such  a  manner  that  sulphurous 
acid,  but  no  sulphur,  could  escape,  set  free  1.069  grammes 
sulphurous  acid.  If  S  =  200.75,  the  value  follows.  [Pog- 
gend.  Ann.,  <S,  1826,  22;  and  Lehrbuch,  5  ed.,  5,  1205.) 

J.  Dumas  :  75  (O  =  16). 

Dumas  found  the  vapor  density  of  arsine  2.695.  [This 
value  multiplied  by  28.94278  gives  As  =  (sensibly)  75.] 
{Ann.  de  Chim.  et  de  Phys.,  33, 1826,  337.) 

J.  Pelouze:  76  (O  =  16);  468.75  (O  =  100). 

A  known  weight  of  arsenic  ter-chloride  was  introduced 
into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pure  silver,  the  chloride  being  in  slight  excess.  The  excess 
of  chloride  was  then  titrated  with  decimal  silver  solution.* 
As  the  mean  of  three  experiments  Pelouze  found  As  = 
937.50;  extreme  diflference,  0.8.  Ag  =  1349.01;  CI  == 
443.2.  The  ter-chloride  was  repeatedly  distilled  to  free  it 
from  excess  of  chlorine.     It  was  colorless,  dissolved  com- 

*  This  method,  which  has  heen  frequently  employed  in  the  determination 
of  atomic  weights,  will  he  referred  to  as  **  relouze's  method.'' 


■  I 
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pletely  in  chlorine,  and  boiled   between  134°  and  135°. 
(Paris  Comptes  Bend.,  SO,  1845, 1047.) 

J.  Dumas  :  74.94  (O  =  16). 

Determined  bj  four  experiments  on  the  titration  of  arsenic 
ter-chloride  with  argentic  nitrate,  the  ter-chloride  being 
prepared  in  several  lots.  The  number  is  the  mean  of  the 
experiments;  the  extreme  difference  being  0.15.  Dumas 
takes  Ag  =  108;  CI  =  85.5.  {AnnaL  de  Chimie  et  de  Physique^ 
(3,)  55, 1859, 174.) 

F.  Kessler:  75.2  (O  =  16). 

In  six  experiments  arsenious  acid  was  titrated  with  potas- 
sic  bichromate  and  counter-titrated  with  ferrous  chloride. 
The  number  so  obtained  was  75.15.  In  twelve  experiments 
a  known  weight  of  arsenious  acid  was  oxidized  in  caustic 
potash  solution  by  potassic  chlorate,  the  arsenious  acid  be- 
ing slightly  in  excess,  acidified  with  chlorhydric  acid  and 
the  excess  of  arsenious  acid  titrated  with  potassic  bichro- 
mate and  counter-titrated  with  ferrous  chloride.  The  oxi- 
dizing action  of  the  potassic  bichromate  was  experimentally 
iletermined.  The  number  obtained  from  these  experiments 
was  75.24.  Five  experiments  were  made  with  acid  instead 
of  alkaline  solutions  of  arsenious  acid ;  they  gave  75.15. 
The  arsenious  acid  was  colorless,  transparent,  volatilized 
without  any  residue,  and  was  thoroughly  dessicated.  Kess- 
ler assumed  K  =  39.12;  CI  =  107.97.  {Poggmd.  Annal.y 
35,  1855,  210;  US,  1861,  140.) 


BARIUM. 


The  specific  heat  of  barium  compounds,  especially  of  the 
chloride,  as  determined  by  Regnault  and  by  Kopp,  shows 
that  the  atomic  weight  of  this  element  lies  in  the  neighbor- 
hood of  137.     {Gmelin- Kraut,  I,  c.) 

WoLLASTON  and  Klaproth.    1S9.2  (0  =  16);    870 
(O  =  100). 

Klaproth  found  that  100  parts  of  carbon  di-oxide  were 
equivalent  to  352.57  parts  barium  oxide,  and  that  34  parts 
•olphuric  anhydride  were  equivalent  to  66  parts  of  barium 
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oxide.    IfC  =  75.4,aodS  =  200,theTmIiietbDows.     (jHUL 

rr<nw-,  /04t  18M,  20.) 

X  J.  Bexzeuits  :  1S6J9  (O  =  16). 

lOO  parta  of  iMiriiim  chloride  g&ve  138.08  and  138.06  pmrts 
surgeatic  chloride.  [If  Ag  =  107;93,  and  CI  =  3d.457,  the 
above  valae  follows.]  Berzelios  also  detcrmiDed  barium 
from  the  aalphate ;  100  parts  barium  chloride  gare  11±17 
and  112.18  parta  sulphate.  Calculated  for  S  =  200.73  this 
determination  is  almost  identical  with  the  other;  Berzelius, 
boweverr  expressly  adopts  the  former.  [Calculated  for  S  = 
3i0742,  it  gives  135.74.]  {Poagokd.  AimaLj  *,  1826,  189, 
and  Lekrbueh  der  Oktmkj  5th  ed.,  -?,  1229.) 

E.  Tcajnot:  137.4  (O  =  16). 

Tomer  determined  the  chlorine  contents  of  barium  chlo- 
ride at  34.016  per  cent,  by  precipitation  with  silver.  This 
n amber  was  the  mean  of  the  b^t  two  experiments  made, 
and  the  value  follows  from  it  on  the  assumption  that  CI  = 
35.4±  The  barium  chloride  was  prepared  from  native  car- 
bonate by  solution  in  chlorhydric  acid,  precipitation  of 
impurities  with  barium  oxide,  ignition  of  the  chloride,  ti-eat- 
ment  with  alcohol,  and  recr^'stallization.  |  PAi/.  TVxm^.,  119^ 
1829,  291.*) 

T.  Thomson  :  136  (O  =  16) ;  850  (O  =  100). 

Thomson  had  formerly  determined  this  atomic  weight  at 
^Ih  by  mixing  potassic  sulphate  with  barium  chloride  in 
sach  proportions  that  the  supernatant  liquid  contained  no 
sensible  amount  of  either  sulphuric  acid  or  barium.  Tomer 
having  shown  the  fallacy  of  this  method,  Thomson  snbeti- 
tared  ammonium  sulphate,  and  also  sulphuric  acid  for  the 
f)Otassium  salt,  and  found  9.5006  barium  oxide  equivalent  to 
5/jO  sulphuric  anhydride.  He  also  analyzed  the  chloride 
with  argentic  nitrate,  assuming  silver  =  1375,  and  chlorine 
:=  450,  and  reached  the  same  conclusion  with  reference  to 
barium,  i  Thomion's  Sj^stan  of  Chemistry^  7th  ed.,  1^  1881» 
42*.; 

*T::rE:>ftr  m^tAt  the  discoTerr  in  the  coarse  of  this  w 
''UkT.-iSL  tniz'cAZJb  carries  dovn  other  salts,  such  as  potaM 
'jki-.Z/TX  b^  ^tTZTtc^  frc'sn  the  p-recipitate  hv  any  degree  cif 
't-^SArr.^SA.t^'jC:!.  wi:h  hariuro  sulphate,  are  consequently 
S£U'.*%gpi  fir»rzfti:izi  dr^w  attention  to  the  importance  of  iIm  • 
TV.a:itiv&  ww  ot::red  to  acknovled^  errors  in  hit  vor^ 
u«t  5ttct  VM  ftvr  a  ^ys^  time  nearlv  forgotten,  as  caa 
fjM  ««.>«$»  fX  this  digest. 
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— .  Salvbtat  :  136  (O  =  16) ;  850  (O  =  100). 

Determiued  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  barium  carbonate  by  sulphuric  acid.  Details 
not  given.    {Paris  Oompies  BenduSj  17y  1843,  318.) 

J.  Pblouzb  :  137.S8  (O  =  16) ;  868.01  (O  ='lOO). 

Into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pore  silver,  a  known  and  slightly  more  than  equivalent 
weight  of  barium  chloride  was  introduced.  The  excess 
was  titrated  with  decimal  silver  solution.  The  value  is  the 
mean  result  of  three  experiments,  which  give  an  extreme 
difference  of  0.22  for  O  =  100.  The  barium  chloride  was 
purified  by  recrystallizations  continued  till  determinations 
gave  a  constant  result,  and  was  dessicated  in  part  at  200^» 
and  in  part  at  a  temperature  just  below  redness.  Pelouze 
took  Ag  =  1349.01,  and  CI  =  443.2.  {Paris  Comptes  Pendus, 
SO,  1845, 1047.) 

C.  Marignac:  137.08  (0  =  16);  856.77  (0  =  100). 

Determined  by  six  experiments  on  the  equivalence  of  sil- 
ver and  barium  chloride  performed  by  Pelouze's  method, 
{vide  supra.)  100  silver  were  found  equivalent  to  96.365 
barium  chloride ;  extreme  difference,  0.038 ;  hence  the  value 
taken.  Marignac  takes  Ag  =  1349.01,  and  CI  =  443.2.  The 
barium  chloride  was  purified  as  follows :  Commercial  chlo- 
ride was  crystallized  from  boiling  aqueous  solution;  the 
crystals  were  heated  to  redness,  dissolved  in  boiling  water, 
treated  with  carbon  di-oxide,  filtered  and  crystallized,  and 
these  crystals  were  washed  with  alcohol  and  again  recrystal- 
lized.  Determinations  were  made  at  each  stage  ana  the 
purification  was  continued  until  constant  results  were  ob- 
tained. (Liebig,  AnnaLy  68y  1848,  214 ;  Bihl.  Univ.y  Arch,  des 
Sciences,  5,  265.) 

H.  Struvb:  136.26  (0  =  16). 

100  parts  of  barium  chloride  gave  112.0938  parts  of  sul- 
phate as  a  mean  of  two  experiments ;  extreme  difference, 
0.005.  S  =  32;  01  =  35.4624.  (Liebig,  Annal.,  80,  1851, 
204;  Oefversigt  af  Kongl.  vet.  Acaa.  Foehr.,  6,  165.) 

T.Andrews:  187.578  (0  =  16). 

Andrews  obtained  this  number  from  two  nearly  coinci- 
cneriments  of  which  he  gives  no  details.     {Brit,  Assoc. 
.^2,88.) 
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C.  Marignac  :  137.16  (O  =  16). 

Three  experiments  were  made  on  the  titration  of  air-dried 
barium  chloride  in  crystals  by  Pelouze's  method,  {vide  supra.) 
Five  grammes  of  the  salt  required  for  precipitation  (1) 
4.4205;  (2)  4.4195;  (3)4.4210  grammes  silver.  Three  ex- 
periments were  made  on  the  conversion  of  the  same  barium 
chloride  into  sulphate.  Ten  grammes  of  the  salt  gave  (1) 
9.543;  (2)  9.544;  (3)  9.542  grammes  sulphate.  In  each  of 
the  latter  experiments  the  water  was  determined,  and  was 
found  to  vary  no  more  than  0.0005  grammes.  Comparison 
of  the  two  series  gives  for  Ag  =  108,  S  =  16,  and  O  = 
8;  barium  equal  to  (1)  68.57;  f2)  68.61;  (3)  68.55;  in  mean 
68.58,  or  one-half  of  137.16.  This  result  is  independent  of 
the  possible  trace  of  water  the  chloride  might  have  con- 
tained. In  another  series  of  three  experiments  the  water 
was  driven  off  at  a  low  red  heat  and  determined,  and  the 
salt  analyzed  by  Pelouze's  method.  It  was  proved  that 
barium  chloride  is  not  decomposed  at  the  temperature  em- 
ployed. (1)  gave  68.61 ;  (2)  58.59;  and  (3)  68.55,  or  a  mean 
of  68.583.  The  salt  for  the  experiments  marked  Q)  was 
prepared  by  recrystallization  and  precipitation  with  alcohol ; 
that  for  (2)  by  a  repetition  of  tne  same  process,  and  for 
(3)  by  resolution  of  (2)  and  precipitation  with  chlorhydric 
acid  ^as.  Marignac  proved  that  tne  precipitated  argentic 
chloride  contained  entirely  insignificant  traces  of  barium 
salt.  CI  =«  35.5.  {Bibl.  Univ.^  Archives  des  Sciences^  Nouv. 
Sirie.,  i,  1858,  209.) 

J.  Dumas  :  137  (0  =  16). 

Determined  by  fifteen  experiments  on  the  titration  of 
barium  chloride  with  argentic  nitrate,  which  give  a  general 
average  of  68.516  with  an  extreme  difference  of  0.11.  The 
barium  chloride  was  prepared  from  pure  nitrate  and  pure 
carbonate,  and  from  commercially  pure  chloride  after  it  had 
been  freed  from  lead  by  precipitation  with  barium  sulphide. 
The  chloride  was  precipitated  from  solution  by  chlorhydric 
acid  gas  and  melted  in  a  current  of  chlorine  to  prevent  oxi- 
dation. Ag  =s  108 ;  CI  =  86.6.  {AnnaUs  de  Chimie  et  de 
Physique,  (8,)  66,  1859,  187.) 


BKRYLLIUM.  j 


The  atomic  heat  of  l)oryllium  has  been  deter** 
Emerson-UoynohU  by  dlroot  comparison  with 
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In  a  calorimetric  apparatus  constructed  for  the  purpose,  the 
amofant  of  heat  given  off  during  cooling  by  108  parts  of 
silver  heated  to  100°  was  found  to  be  equal  to  that  commu- 
nicated by  a  little  more  than  9.2  parts  of  beryllium  under 
the  same  conditions.  Assuming  the  atomic  weight  of 
the  metal  to  be  9.2,  the  atomic  heat  found  would  be  5.91. 
The  smallness  of  this  number  the  observer  accounts  for  by 
supposiug  that  there  was  a  trace  of  platinum  present  intro- 
duced by  the  use  of  platinum  vessels  in  the  course  of  re- 
duction.   {Phil.  Mag.,  (5,)  5,  1877,  38.) 

J.  J.  Berzelius  :  14,.6  (0  =  16). 

Berzelius  analysed  the  salt  formed  by  saturating  dilute 
sulphuric  acid  with  beryllium  oxide.  Prom  the  amount  of 
barium  sulphate  obtained  he  inferred  that  the  atomic 
weight  of  beryllium  was  881.261  on  the  supposition  that 
the  oxide  was  JBe,  +  O3  and  that  the  salt  was  neutral.  Ber- 
zelius took  0  =  100 ;  S  =  200.75,  and  Ba  =  855.29.  [Awde- 
jew  having  discovered  that  this  salt  is  basic,  this  value  is 
reduced  to  90.68;  or,  for  0  =  16;  to  14.5.]  Berzelius 
accepted  Awdejew's  determination  in  preference  to  his  own. 
{Poggend.  AnnaL^S,  1826, 187 ;  and  Lehrbuch  der  Chemie,  5th 
ed.,  Sy  1225.) 

T.  Thomson  :  36  (O  =  16). 

Experiments  not  given.  The  value  is  four  times  nine, 
and  may  have  arisen  from  a  mistake  as  to  saturation. 
{System  of  Chem.  7  ed.,  i,  1831,  459.) 

— .  AWDBJRW :  13.86  (O  =  16) ;  86.68  (0  =  100). 

Beryllium  sulphate,  in  chlorhydric  acid  solution,  was  de- 
composed with  Darium  chloride.  In  the  filtrate  the  excess 
of  barium  chloride  was  precipitated  with  sulphuric  acid, 
and  the  beryllium  oxide  thrown  down  with  ammonia,  dried, 
heated,  and  weighed.  The  beryllium  sulphate  was  prepared 
from  pure  carbonate  by  treatment  with  sulphuric  acid  and 
precipitation  with  alcohol.  It  was  purifiea  by  recrystalli- 
zation.  Pour  experiments  were  made,  the  mean  of  which 
calculated  for  8  ==  201.165,  gave  Be  =  58.084  with  an  ex- 
treme difference  of  1.955.  {Poggend.  AnnaL,  66, 1842,  106.) 
Weeren  recalculated  these  analyses  for  S  =  200  and  got 
^-  Tfi,  [or  i  of  86.58.]     {Poggend.  AnnaL,  92, 1824,  124.) 
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J.  Wbbrbn  :  1S.8S  (0  =  16) ;  86.46  (0  =  100). 

Weeren  followed  the  same  method  as  Awdejew,  except 
that  ho  precipitated  the  beryllium  with  ammonium  sulphide, 
the  oxiae  being  soluble  in  excess  pf  ammonia.  The  mean 
of  four  experiments  gave  57.64,  the  extreme  difference 
being  1.52  for  O  =  100,  [57.64  is  J  of  86.46.]  Weeren 
took  8  =  200.    {Poggend.  Anml,  92, 1854, 124.) 

G.  Klatzo  :  1S.89  (0  =  16). 

Elatzo  made  five  analyses  of  the  sulphates  containing 
seven  and  four  molecules  of  water,  precipitating  the  sul- 
phuric acid  as  barium  sulphate,  and  the  beryllium  as  oxide 
by  means  of  ammonia.  From  a  comparison  of  the  sum  of 
the  oxide  found  in  all  the  analyses  with  the  total  amount  of 
barium  sulphate  found,  Klatzo  deduces  Be = 9.227,  for  Ba  = 
187,  and  S  =  82.  [If  Ba  is  taken  equal  to  187.16,  and  S  = 
82.07,  and  if  each  of  the  analyses  is  calculated  for  itself,  Be 
■a  18.89.  The  extreme  difference  is  0.45.]  The  sulphates 
won)  purified  by  recrystallization,  and  treatment  with  alco- 
hol. {^Enimann'%  Journ.  fur  Prak.  Chemie,  106,  1868,  227; 
Klatii)^  Ucber  die  Oonstittition  der  BeryUerde,  Dorpat,  1868.) 

li.  F«  Nilson  and  0.  Pettersson  have  redetermined  the 
»p^nfio  heat  of  beryllium  within  a  few  weeks.  They  find 
tho  »p4i>cifio  heat  0.4079,  corresponding  to  a  trivalent  metal 
aiui  a  so^qui-oxide.  The  investigation  seems  to  have  been 
mado  with  |(reat  care,  while  that  of  Emerson-Reynolds  was 
mon^ly  prohminary.  {Berlin^  Bfrickt  der  ehem.  Oes.,  11, 1878, 
88«.) 


BISMUTH, 


I>uUm\^  aiui  IVtit^  Ke^^auU^  and  Kopp«  have  determined 
Ih^  ;^r<s>uW  h^>al  Kxf  UUmuth.    Ii  oorreis^poods  to  an  atomic 

\\   IvA^iuiiiJiLUi :   */?.>>»  I O  =  16) ;  ISSOlSTT  i'O  = 


!^.  ilh  ^i.  c^  13 W;  ^4^*^tiA!^ 
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R  Schnbidbe:  £08  (O  =  16);  1299.98  (0  =  100). 

Determined  by  eight  experiments  on  the  conversion  of 
metallic  bismuth  into  oxide  bj  solution  in  nitric  acid  and 
decomposition  of  the  nitrate  in  the  same  vessel.  The  es- 
caping gases  were  led  through  nitric  acid,  and  the  bismuth 
caught  in  this  way  was  separately  converted  into  oxide  and 
weighed.  In  four  experiments  the  bismuth  was  prepared 
by  ftie  reduction  of  basic  nitrate,  and  for  the  other  four  by 
the  reduction  in  hydrogen  of  the  oxide  formed  in  those 
which  preceded.  100  bismuth  oxide  were  found  to  contain 
a  mean  of  89.655  metal ;  extreme  difference,  0.048.  {Pog- 
gend.  Annal.,  8S,  1851,  303.) 

J.Dumas:  210.44  (0  =  16). 

Determined  by  seven  experiments  on  bismuth  chloride, 
which  was  decomposed  in  solution  by  sodium  carbonate, 
and  the  sodium  chloride  thus  formed  titrated  with  silver 
solution.  The  value  taken  is  the  mean  result.  The  extreme 
difference  is  1.12.  Dumas  takes  A^  =  108,  and  CI  =  35.5. 
The  bismuth  chloride  was  prepared  bv  the  action  of  chlo- 
rine on  bismuth,  and  was  purified  by  fractional  distillation 
over  bismuth.  .  That  employed  in  the  experiments  was 
colorless.  {AnnaL  de  Chimie  et  de  Physique^  (3,)  55,  1859, 
176.) 


BORON. 


The  specific  gravities  of  a  number  of  volatile  compounds 
of  boron  have  been  determined  by  Dumas,  Woehler  and 
Deville,  and  others,  and  correspond  to  an  atomic  weight  of 
about  11.    (GmeUn-Krauty  L  c;  L.  Meyer^  L  c.) 

H.  F.  Weoer  has  discovered  that  the  specific  heat  of  boron 
rises  rapidly  with  the  temperature,  becoming  nearijr  constant 
at  600^.  Above  this  temperature  its  specific  heat  is  0.5,  and 
its  atomic  heat  6.5.     {Poggend.  AnnaLj  IS^j  1875,  575.) 

J.  J.  Bbbzelius  :  11.01  (0  =  16). 

Davy's  investigations  having  shown  that  boracic  acid  con- 
tains about  68  per  cent,  oxygen,  and  having  thus  established 
the  formula  of  borax,  Berzelius   determined   the  atomic 
*  t  from  the  water  contents  of  that  salt.     He  found  in 
oeriments,  without  variation,  47.1  per  cent.     Qrae- 
""ecalculates  this  composition  with  Stas'  atomic 
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weights,  and  gets  the  value  given.    (Poggend.  Annal.j  5, 1826, 
19.) 

A.  Laurent:  10.86  (0  =  16). 

Laurent  found  that  borax  retains  some  water  even  when 
melted,  which,  however,  can  be  expelled  by  the  addition  of 
Iceland  spar.  By  repeating  Berzelius'  experiments,  and 
adding  a  known  weight  of  spar,  he  found  the  water  con- 
tents in  two  experiments  47.15  and  47.20.  He  did  not 
regard  the  experiments  as  accurate.  Gmelin-Kraut  recalcu- 
lates these  data  with  Stas'  atomic  weights,  and  gets  B  = 
10.91  and  10.81.     {Paris  Comptes  Rendus,  SQy  1849,  5.) 

WoEHLER  and  Dbville  :  10.87  (0  =  16). 

These  chemists  titrated  the  bromide  and  the  chloride  of 
boron  with  argentic  nitrate.  They  do  not  offer  the  analy- 
ses as  atomic  weight  determinations,  but  Dumas  applies  the 
data  to  this  object.  Taking  Ag  =  108,  and  CI  =  35.5,  Dumas 
calculates  from  the  analysis  of  the  chloride  prepared  by  the 
action  of  H  CI  on  B,  J3  =  11 ;  from  the  analysis  of  the 
chloride  prepared  by  the  action  of  CI  on  B,  B  =  10.6 ;  from 
the  analysis  of  the  bromide  prepared  by  the  action  of  bro- 
mine on  boron,  B  =  11.  {Annal.  de  Chimie  et  de  Physique^ 
(3,)  5^,  1858,  88;  66,  1859, 129.) 

T.  Thomson  :  10.67  (O  =  16). 

Thomson  supposed  boracic  acid  to  be  composed  of  one 
atom  of  boron  and  two  of  oxygen,  and  concluded  from 
Davy's  and  his  own  experiments  that  the  atom  of  B  was 
exactly  equal  to  that  of  0.  For  the  correct  composition  of 
the  acid  his  value  must  be  reduced  one-third.  {System  of 
Cliem.,  7th  ed.,  i,  1831,  214.) 


BROMINE. 


Mitscherlich  determined  the  vapor  density  of  bromine, 
and  Regnault  the  specific  heat  in  a  solid  condition  at  very 
low  temperatures.  Both  of  these  constants  correspond  to 
an  atomic  weight  of  80.     {Gmelin-Kraut,  I.  c;  L.  Meyer ^  L  c) 

A.  J.  Balard  :  76  {0  =  16) ;  468.85  (O  =  100). 
1.27  potassium  bromide  decomposed  with  sulphuric  add 


*ve  &  residue  of  0.073  potaBsic  sulphate.  [If  tbie  analysis 
19  catctilaled  with  Staa'  atomic  weights,  it  gives  Br  =  74.65.1 
In  another  experiment  100  parts  of  argentic  bromide  reduced 
with  zinc,  the  excess  of  which  was  extracted  with  sulphuric 
»cid,  gave  58.!.'  part^  silver.  [Calculated  with  Stas'  data 
this  gives  Br  =:  75.3.]  Balard  mentions  no  special  precau- 
tions ID  the  preparation  of  his  salts  for  this  determination. 
^AnnaL  ik  ttimic  el  lie  Phi/sique,  32,  1826,  357,  362.) 

J.  LlEBW:  75.i9  (0  =  16);  470.65  (0  =  100). 
2.321  potassic  bromide  precipitated  with  argentic  nitrate 
_^  ,vu  4.041  Hrgetitic  bromide.  The  potassic  bromide  was 
obtainiKl  by  adding  pota«sic  hydrate  to  an  alcoholic  solution 
of  brominu  until  the  solution  began  to  lose  color.  {Annal. 
te  Chimie  et  de  PhysiqiUy  S3, 1826,  331.) 

J.  J.  Beezeuus  :  7S.S64.  (O  =  16) ;  489.15  (0  =  100). 
BorKe1iu3  suspected  that  insufficient  precautions  had  been 
taken  in  the  preceding  determinations  to  get  rid  of  chlorine. 
He  washed  bromine  tor  a  long  time,  and  converted  it  into 
Einc  bromide  and  ammonium  bromide.  These  salts  he  par- 
tially precipitated  with  arc;entic  nitrate  to  get  rid  of  chlorme. 
From  the  tiltrate  he  precipitated  argentic  bromide  which  he 
washed,  dried,  and  melted,  7.202  of  this  bromide,  decom- 
posed to  a  current  of  chlorine,  yielded  5.540  argentic  chio- 
ridt;  7.8805  bromide  gave  6.069  t^hloridc.  If  Ag  =  1351.607, 
ftod  CI  =  442.652,  the  mean  value  of  Br  is  as  above  ;  differ- 
ence, 0.09.  {Pogejend.  Annal,  U,  1828,  565;  Kongl.  vet. 
ikad.  Jiandl.,  1828.) 

C.  LoEWio :  75.76  (0  =  10). 

According  to  Gmelin-Kraut,  Handhuch  der  Chemie,  the 
letArmt nation  wae  published  in  a  treatise  entitled  Prom  und. 
Sfuw  Chemischi  VerMttnisse,  Heidelberg,  1829. 

C.  Masigsac:  79.057  (0  =  16). 

In  thwc  experiments  a  known  weight  of  silver  was  dis- 
solved in  tiilric  acid,  precipitated  with  potassium  bromide, 
Bnil  the  argentum  bromide  dried  at  200°  and  weighed.  [For 
Ag  =  107.9.S  these  experiments  give  Br  =  79.938,  with  an 
extreme  diffurence  of  0,018,]  In  vai:uo  this  result  is,  accord- 
ing to  Staa,  79.908.  In  seven  experiments  a  known  weight 
of  silver  waa  prvcipitaledhya  determinate  amount  of  potas- 
iic  bromide  by  liinition.     [If  K  =  39.137,  and  Ag  =  107.93, 
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this  gives  bromine  =  79.924  with  an  extreme  diffisrence  of 
0.046.]  Jn  vacuo  this  becomes,  according  to  Stas,  79.945. 
In  four  experiments  potassium  bromate  was  decomposed  by 
heat,  and  the  potassic  bromide  weighed.  [For  K  =  39.187 
these  experiments  give  bromine  at  80.11  with  an  extreme 
difference  of  0.56.  These  latter  are  evidently  much  less 
accurate  than  the  preceding,  and  I  have  therefore  averaged 
the  first  and  second  series  in  vacuo.']  The  KBr  was  prepared 
by  heating  bromate  purified  by  recrvstallization.  {Berzeliu^ 
Lehrbuch  der  Chemie,  5th  ed.,  S,  1194;  BibL  Vnio.,  46, 1848, 
357.) 

W.  Wallace  :  79.74  (O  =  16). 

Determined  by  analysis  of  arsenic^  ter>bromide,  bv  titra- 
tion with  argentic  nitrate,  according  to  the  method  of 
Pelouze,  (see  arsenic,  Pelouze's  determination.)  Three  ex- 
periments were  made,  giving  a  mean  of  79.788 ;  extreme 
difference,  0.051.  As  =  75;  Ag  =  107.97.  The  arsenic 
and  bromine  were  directly  combined,  and  the  compound 
was  purified  by  fractional  distillation  and  recrystallization. 
{Phd.  Mag.,  (4,)  18,  1869,  279.) 

J.  Dumas  :  80  (0  =  16). 

Determined  by  three  experiments  on  the  conversion  of 
argentum  bromide  into  chloride  in  a  current  of  dry  chlorine. 
The  mean  is  80.08 ;  the  extreme  difference  is  0.18.  Silver 
is  taken  at  108,  and  chlorine  at  35.5.  The  ar^ntum  bro- 
mide was  prepared  with  bromine  free  from  iodme,  and  was 
purified  from  chlorine  bv  digestion  with  argentum  bromide. 
{Annal.  de  Chemie  et  de  Physique,  (3,)  66, 1859, 162.) 

J.  S.  Stas  :  79.952  (O  =  16). 

Four  complete  syntheses  (the  weight  of  each  of  the  con- 
stituents, and  of  the  compound  being  determined)  were 
made  of  aryontum  bromide,  a  known  weight  of  silver  being 
converted  into  sulphate,  and  precipitated  with  a  known 
weight  of  bromine  which  had  been  converted  into  hydro- 
broinic  acid.  The  mean  result  was  that  100  Ag  =  74.0805 
Br;  with  an  extreme  difference  of  0.004.  Two  analyses  of 
argentic  bromate,  made  by  reducing  the  salt  in  suspension 
with  sulphurouH  acid,  gave  for  the  molecular  weight  of  the 
bromide  187.84,  and  187.90,  mean  187.87.  A  compariaon 
of  those  data  given  Br  a  79.940.  [This,  I  think,  moat  be  A 
misprint  for  70.940.]  Fourteen  experiments  were  mm^^  ^ 
the  equivalunoo  of  KBr  and  Ag  by  P 
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As,  PeloQze's  determination.)    The  mean  result  was  that 
100  Ag  =  110.845  KBr;  extreme  difference,  0.029.     This 

fives  Br  =  79.958  for  Ag  =  107.98,  and  K  =  89.187.  The 
romate  of  silver  was  prepared  from  potassic  bromate  and 
silver  salts.  For  the  preparation  of  Ag  see  Stas'  determi- 
nation of  it.  The  potassic  bromate  was  prepared  bj  the 
action  of  chlorine  on  a  mixture  of  KBr  and  EHO.  The 
bromide  was  prepared  by  the  action  of  heat  on  bromate,  by 
treating  bromine  with  KHO,  and  in  other  ways.  No  reagents 
were  probably  ever  prepared  with  such  care  as  those  em- 
ployed  iD  this  and  the  accompanying  determinations.  The 
weights  are  all  in  vacuo.  {StaSy  Untersuch.  iiher  Ghem.  Pro^ 
portj  Leipzig^  1867.) 


CADMIUM. 


Regnault,  Eopp,  and  Bunsen  have  determined  the  specific 
heat  of  cadmium,  which  corresponds  to  an  atomic  weight 
of  112.  Deville  and  Troost  determined  the  densitv  of  cad- 
mium vapor  at  above  1000^.  It  answers  to  an  atomic  weight 
of  114.    ( OmeUn-Krautj  I.  c;  L.  MeyeVy  L  c.) 

F.  Stbomeybb  :  111.48  (0  =  16);  696.767  (0  =  100). 

Stromeyer  found  that  100  parts  of  cadmium  combine  with 
14.352  parts  of  oxygen  to  form  the  oxide.  {Berzelius*  Lehr- 
bucKder  Chemkj  5th  ed.,  5, 121 9 ;  Schweigger's  Joum.y  J?i9, 1818, 
362.) 

T.  Thomson:  Hi  (0  =  16);  700  (0  =  100).  . 

Thomson  says  that  he  has  shown  this  to  be  the  true  value 
by  analysis  of  the  sulphate  in  two  different  states.  {System 
of  Chem.,  7th. ed.,  i,  1881,  555.) 

K  VON  Hauer  :  112  (0  =  16) ;  700  (0  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  cad- 
mium sulphate  to  sulphide  in  a  current  of  hydrogen  sulphide 
under  pressure.  The  mean  of  the  experiments  gave  Cd  =s 
55.999 ;  extreme  difference,  0.16.  Von  Hauer  took  8  =  16. 
The  sulphate  was  purified  by  repeated  recrystallizations  and 
by  conversion  into  oxide.  It  was  dried  at  200°.  The  Bul- 
^  was  in  each  case  carefully  examined  for  undecomposed 
.    {Erdmann'8  Journ.filr  Prak.  Chem.y  72, 1857, 346.) 
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J.  Dumas  :  112.24  (O  =  16). 

Determined  by  six  experiments  on  the  titration  of  cadmium 
chloride  with  argentic  nitrate.  The  mean  of  all  the  experi- 
ments was  Cd  =  56.12 ;  extreme  difference,  0.49.  The  third 
experiment  varies  considerably  from  the  rest,  and  Domas 
seems  inclined  to  omit  it  in  the  average.  If  it  is  left  oat, 
the  mean  becomes  56.06 ;  extreme  difference,  0.29.  Dumas 
takes  CI  =  35.5 ;  Ag  =  108.  The  cadmium  chloride  was 
prepared  in  two  lots  by  solution  of  cadmium  in  chlorhydric 
acid,  evaporation  and  melting  for  several  hours  in  a  current 
of  chlorhydric  acid  gas.  {Annal.  de  Chimie  et  de  Physique^ 
(8,)  55, 1859,  158.) 

E.  Lenssen:  112.06  (0  =  16). 

Three  experiments  were  made  on  the  decomposition  of 
cadmium  oxalate,  the  salt  and  the  resulting  oxide  bein^ 
weighed.  The  mean  result  was  Cd  =  56.03 ;  extreme  dif- 
ference, 0.19.  C  =  6.  The  oxalate  was  prepared  from  pure 
chloride  by  precipitation  with  oxalic  acid,  washing  and  dry- 
ing at  150°.  It  was  carefully  tested,  and  was  found  to  be 
anhydrous.  (Erdmann's  Joum,  fur  Prak.  Chemie^  79, 1860, 
281. 


CESIUM. 


The  great  similarity  between  csesium  and  the  other  alka- 
line metals  renders  the  deduction  of  its  atomic  weight  from 
its  equivalent  sufficiently  certain. 

KiRCHHOFF  and  Bunsbn  :  123.35  (0  =  16). 

Determined  by  three  experiments  on  the  analysis  of  the 
chloride  with  argentic  nitrate.  The  value  is  the  mean; 
extreme  difference,  0.13.  The  ceesium  was  separated  from 
the  other  alkalies  by  extracting  a  mixture  of  oxides  and  car- 
bonates with  alcohol.  It  was  converted  into  chloride  by 
Erecipitation  with  platinum  chloride,  redoctioD  of  the  doo- 
le  chloride  in  hydrogen  and  solution.  These  open 
were  repeated  until  the  ccesium  salt  gave  etMfiHy  ^u^ 
results  after  successive  purifications.  It» 
tested  spectroscopically.  Silver  was  tt 
chlorine  at  36.46.     (tiggend.  AnnaL,  U 
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Johnson  and  Allen  :  138  (0  =  16). 

Determined  by  four  experiments  on  the  precipitation  of 
ceesium  chloride  with  argentic  nitrate.  The  mean  result 
was  Cs  =  183.086 ;  the  extreme  diflerence,  0.842.  Ag  = 
107.94;  CI  =  85.46.  Csesium  and  rubidium  were  separated 
b^  partial  crystallization  of  their  bitartrates.  The  caesium 
bitartrate  was  converted  into  chloride  by  precipitation  with 
platinnm  chloride,  reduction  and  solution.  The  nitrate 
formed  on  the  precipitation  of  the  csesium  chloride  with 
ailver  was  reconverted  into  caesium  chloride  and  redeter- 
mined, and  so  on^  The  purity  of  the  salt  was  tested  spec- 
troscopically.     (Silliman^s  Amer.  Joum.j  (2,)  55,  1863,  96.) 

R.  W.  Bunsen:  133  (0  =  16). 

Determined  by  three  experiments  on  the  precipitation  of 
csesium  chloride  with  argentic  nitrate.  The  mean  result 
was  132.99;  extreme  difference,  0.02.  Ag  =  107.94;  CI 
=  35.46.  In  order  to  prepare  pure  chloride,  a  mixture  of 
caesium  and  rubidium  salts  was  converted  into  carbonates, 
a  little  more  tartaric  acid  was  added  than  was  necessary  to 
form  acid  tartrate  with  the  rubidium  and  neutral  tartrate 
with  the  ceesium,  and  the  mixture  was  exposed  on  a  filter 
to  the  action  of  a  saturated  atmosphere  of  aqueous  vapor. 
The  csesium  salt  is  deliquescent,  and  CTadually  passes 
through  the  filter,  while  the  rubidium  salt  is  unaffected. 
The  csesium  tartrate  was  turned  into  pure  chloride  by  re- 

Eeated  precipitation  with  platinum  chloride,  reduction  in. 
ydrogen  and  solution.  The  determinations  were  made  on 
tne  product  of  successive  purifications,  and  only  those  were 
taken  into  consideration  which  were  made  after  analysis 
showed  a  constant  composition.  The  spectroscope  was  em- 
ployed to  test  the  purity  of  the  salt.  {Poggend.  AnnaLy  119 y 
1863,  6.) 

— .  Mercer  :  133  (0  =  16). 

The  fact  of  this  determination,  without  details,  is  men- 
tioned by  Frankland.     (CAew.  News,  5, 1868, 18.) 

R.  GoDEFFROY :  182.557  (0  =  16). 

Derived  from  the  mean  of  four  analyses  of  caesium  chlo- 

fida  with  argentic  nitrate,  the  extreme  difference  being 

iiJESfi.     CI  =  35.5  ;  Ag  =  108.     The  ceesium  was  separated 

»  other  alkalies  by  the  fractional  crystallization  of 

%  continued   until   the   caesium  compound  was 
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9p60tro«c<^icaI]j  pore-  The  aluminiiun  wm  remorod  with 
mamoniAt  the  8Uipharic  acid  wi£b  barium  cliloride  and 
traces  of  barium  with  ammommn  cariKmate.  Hie  csnom 
cbloride,  which  was  not  ddiqaeeoent,  was  dried  at  150^. 
(L4Mff^$  AtmcU.,  181, 1876, 185.) 


CALCIUM. 


Bun«en  has  determined  the  specific  heat  of  calcium.  It 
(rorresponds  to  an  atomic  weight  of  40.    {OmelinrKrcaUy  L  c.) 

V.  II.  Wollaston:  40.7S6  (0  =  16);   254.6  (0  = 
100). 

Wolliiston  found  that  48.7  parts  of  carbon  di-oxide  satu- 
rated 66.8  parts  of  lime.  If  C  =  75.4,  the  value  follows. 
{Phil.  'JVana.,  lOi,  181i,  20.) 

»T.  J.  Bbkxklius  :  40.Sg  (0  =  16) ;  252.075  (0  =  100). 

801  parts  of  anhydrous  calcium  chloride  gave  775  parts 
nrifontio  oldorido.  If  CI  =  443.28  and  Ag  =  1849.66  the 
vaTuo  follows.  This  analysis,  made  in  1818,  was  erroneously 
%'aloulaiod  tVom  a  mistake  in  setting  down  its  results  and 
I  he  aunuio  weight  of  Ca  wi\3  taken  at  256.019.  (BoggenJL 
.tNH.ii\,vN\  ]^^:hl,  ISd;  and  Lehrbuckder  ChenUe^  5tb  ed.,  J, 

s\.  X^VHx^i  40  iO  =  10\ 

rhwv  exjvruweui*  wore  made  on  ihe  calcination  of  cal- 
oivwu  xNi^rlKUi^io  whioh  \NMUaine\i  O.OS  jvr  cenu  of  ferric  oxide 
w^\ui  *\ho\o  aout  The  wev^i  of  the  residue  was  in  mean 
>tv\^T^  y\r^  ;fLuVtnAolux^  \V^^  ^M^  with  ar.  extreme  di^renee 
,\«  ^VvNS.      l>,%vK^  l^i\N*  ^w  aiuuvi^t  exav<y  4'X    The  wcj^h* 


CALCIUM.  '       27 

C.  MARiatfAC:  i.0.m8  (0  =  16);  251.3  (0  =  100). 
Determined  by  precipitatine  caloium  chloride  with  argen- 
tic nitrate ;  Ag  =  1349.01 ;  CT  =  443.2.  Marignac  laid  uo 
weight  on  this  determi nation  flndiug  it  impossible  to  pre- 
pare calcium  chloride  which  did  not  show  an  alkaline  re- 
action. The  presence  of  caustic  lime  would  make  the  result 
erroueoualy  high;  no  doubt  Berzeliua'  early  analysis  was 
defective  from  the  aame  cause.  {Bcrzelias'  Jakresbericht,  $4., 
1844,103;  Bibl.  Cmc,  ^,  1843,  367.) 

EitDMANN  and  Marouand:  40.007(0  =  100). 
Four  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  enclosed  in  a  double  platinum  crucible  in  & 
wind-furnace,  till  the  weight  was  constant.  A  mean  of  66 
per  cent,  calcium  oxide  was  fouud  with  an  extreme  dif- 
ference of  0.05.  Thia  gives  Ca  =  40  for  C  =  12.  Two  ex- 
Eerimonts  were  made  by  decomposing  calcium  carbonate 
y  eulphuric  acid.  These  gave  a  mean  of  43.99  carbonic 
acid ;  diflerence,  0.02.  The  value  taken  is  the  mean  of  all 
experiments.  The  carbonate  was  prepared  by  precipitating 
calcic  chloride  with  ammonium  carbonate,  and  drying  at 
160*  to  180°.  Confirmatory  experiments  were  made  on  ice- 
land  spar.  Tbc  weighings  are  reduced  to  vacuum.  [Eni- 
matin's  Jowm.fUr  Prak.  Chan.,  S6,  1842,  472.) 

Berzelius  maintained  that  Erdmann  and  Marchand  em- 
ployed material  containing  water,  chlorine  and  magnesium. 
Eramann  and  Marchand  answered  that  there  could  be  no 
magnesium  and  was  no  chlorine  but  that  they  had  convinced 
themselves  that  spar  is  the  only  compound  of  certain  and 
constant  composition.  Berzelius  replied  that  they  then 
admitted  that  their  carbonate  contained  water.  Erdmann 
and  Marchand  appealed  to  their  experiments  on  spar,  upon 
which  Berzelius  made  experiments  showing  that  spar,  too, 
retains  water  at  200°.  Tliis  Erdmann  and  Marchand  de- 
nied and  finally  assert  that  all  the  carbonic  acid  is  not  driven 
off  at  any  attainable  temperature,  and  that  their  results 
were  therefore  too  high  instead  of  being  too  low.  The 
error  they  estimate  to  exactly  cover  the  difference  between 
their  averages  and  40.  {Erimann's  Journ.  fur  Prak.  Chem., 
SI,  1844,  257;  37,  1846,  75;  50,  1850,  237.) 

Erdmann  and  Marchand;  40.063(0  =  16);  250.39 
(0  =  100). 
The  spar  experiments  referred  to  above.  Six  analyses  were 
made  as  before,  giving  a  mean  of  56.028  oxide ;  extreme 
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iVifihtanoM  0,047.  (Erdmawrii  Jowm.  fur  Prak.  Chcmiej  31^ 
1844,  268,)  Anotber  experimeDt,  in  which  the  absence  of 
waUsr  wa«  proved,  gave  ^.03  lime.  The  weighing  are  re- 
duces] to  vacuum.     (Erdmann^s  Jowm.fUr  PraL  Chem.^S?. 

1846,  77.) 

J.   J.   Bebzelius  :   ^.2ft^  (O  =  16) ;    251.651  (O  = 

100). 

Five  experiments  were  made  on  the  conversion  of  caustic 
lime  into  sulphate.  The  value  is  the  mean  for  8  =  200.75; 
extreme  difference  0.962  for  O  =  100.  The  lime  was  care- 
fully purified  and  burnt,  but  Berzelius  says  nothing  of  test- 
ing it  for  carbonic  acid,  upon  which  Erdmann  and  Marchand 
found  an  objection.  Berzelius  expresses  himself  ill  satisfied 
with  the  results.  {Liebig^s  Annal.y  46^  1843,  241;  also 
Lehrbuch  der  Chemie,  5th  ed.,  3, 1228.) 

J.  Dumas:  40.02(0  =  16). 

Five  experiments  were  made  on  the  titration  of  calcium 
olilorido  with  argentic  nitrate.  They  give  a  mean  of  20.065, 
but  DunuiH  couHiders  only  three  of  them  as  entitled  to  a 
voloo.  Those  give  20.01;  extreme  difference,  0.03.  The 
ouloiuin  chloriuo  was  prepared  by  dissolving  marble  in 
ohiorhydrio  acid,  digestion  with  lime  water,  filtration, 
ovuporution,  troatmont  with  chlorhydric  acid  and  heating 
in  a  ourront  of  chlorine.  For  the  three  experiments 
avoragtul  tho  olilorido  was  kept  melted  in  the  current  of  gas 
l\>r  rtHMU  8  to  10  hours.  Ag  =  108 ;  CI  =  35.5.  {Annal.  de 
l^imiftt  df  rhjfifutue,  (8,)  65,  1859,  129.) 


CAKUON. 

*rho  «|HSMrto  i^mvltv  \^f  gasiiMUs  oarln^n  compounds  shows 
th^t  tho  AtxMuio  Nvol^lu  nu\*t  Iv  nearly  12.  {Gmdm-Kraut^ 
I  a\  Wobor  ha*  «h\^\vu  that  tho  s)Hvifio  boat  of  cmrboD  at 
i\i|ih  tvm)v\^turxMfi  oIh\y*  I^uIou^jt  and  IVtii's  law. 

V  \l  \\\\\  \M\^\     ;A  VCi  v^      It^  :  7.x4(0« 

U>^M  at\xi  AV'*^^  t\N\u\x\  tho  ?i|svit\x^  crav:;y  of  « 
wwsio  \  :^\\S\  a\va  thi^t  >M  x^\n  j^  u.  InU^  v'^cqMI 
1>^^N<K^  %Uta  s^x^^  tho  \a\\uv    \i^*i  T'xcv^.^  r;:^^  18M 
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J.  J.  Bbrzblius  :  earlier  determinations. 

Id  1817  Berzelius  attempted  to  determine  the  atomic 
weight  of  carbon  by  two  analyses  of  plumbic  carbonate. 
[These  analyses  calculated  for  Pb  =  206.926  (Stas,)  give  C 
=  11.998  and  11.984,  or  74.99  and  74.90.]  Considering  the 
difference  too  great,  he  calculated  the  atomic  weight  from 
Biot  and  Araso's  determination  of  the  specific  gravities  of 
carbon  di-oxide  and  oxygen,  1.10359  and  1.51961.  Berze- 
lius gives  75.83  as  the  result;  [I  make  it  75.394.]  Subse- 
quently, (1819,)  Berzelius  and  Dulong  determined  these 
specific  gravities  more  accurately  at  1.524  and  1.1026  whence 
he  calculated  C  =  76.487.  This  number  was  accepted  until 
Dumas  showed  it  to  be  false,  although  in  the  mean  time 
carbon  di-oxide  had  been  shown  to  be  a  condensible  gas. 
According  to  Dumas,  Berzelius  at  one  time  accepted  a  value 
76.52  of  which  I  have  found  no  account.  In  Berzelius' 
Lehrbuchy  S,  1174,  76.48  is  a  misprint  for  76.437.  [Berzelius' 
.  Lehrbujch  der  Chemk^  6th  ed.,  5, 1197,  et  passim.) 

T.  Thomson  x  IS  {0  =  16) ;  75  (0  =  100). 

Thomson  found  the  specific  gravity  of  carbon  di-oxide 
1.52673.  Assuming  the  specific  gravity  of  oxygen  at  1.1111, 
chiefly  to  accord  with  the  supposition  that  air  is  a  compound 
containing  20  per  cent,  of  oxygen,  he  calculates  the  atomic 
weight  of  carbon  at  75.  (Mrdmann's  Joum.  fur  Prak.  Chem.j 
*,  1836,  872 ;  Records  of  General  Science,  by  B.  D.  Thjomson, 
1886, 179.) 

J.  Dumas  :  about  1^.16  (0  =  16) ;  76  (0  =  100). 

From  analysis  of  well  crystallized  naphthaline,  Dumas  in- 
fers that  the  atomic  weight  of  carbon  cannot  be  so  high  as 
76.44,  and  must  be  nearly  as  above.  {Poggend.  AnruiLy  44y 
1838,110.) 

J.  J.  Berzelius:  118.183  (0  =  16 );  76.458  (0  =  100). 

One  experiment  was  made  on  the  decomposition  of  plum- 
bic carbonate  by  heat,  which  gave  C  =  76.405.     [If  Pb  = 
206.926,  the  data  ffive  C  =  12.185,  or  76.157.]    Another 
experiment  was  made  on  the  oxalate,  which  gave  C  =  76.511. 
BeraeHw  regards  these  results  as  confirmatory  of  the  value 
76.48l)»    The  plumbic  carbonate  was  prepared  by  precipi- 
'trs^te  with  ammonium  carbonate.     The  oxalate 
^  decomposing  the  acetate  with  oxalic  acid. 
» SO,  1889,  241.) 
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G.  FowNES:  12.12  (0  =  16). 

Determined  by  three  analyses  of  naphtfaaline  with  capric 
oxide,,  the  usual  precautions  being  observed.  The  valae  is 
the  mean ;  extreme  difference,  0.14.    The  naphthaline  was 

Eurified  by  slow  sublimation  in  a  florencQ  flask,  and  was 
rilliantly  white.  Fownes  does  not  regard  his  results  as 
conclusive  as  to  the  exact  value.  {PhU.  Mag.j  (3,)  15^  1839, 
62.) 

E.  MiTSCHERLiCH  :  12.016  (0  =  16) ;  75.1  (O  =  100). 

Experiments  made  on  the  analysis  of  naphthaline  by  the 
ordinary  method  of  organic  analysis  gave  never  more  than 
75.2,  and  those  which  seemed  most  accurate  very  nearly  75. 
(Mitscherlich^s  Lehrbuch  der  Chemiej  4th  ed.,  i,  1844,  595.) 

Dumas  and  Stas  :  12  {0  =  16) ;  75  (0  =  100). 

Determined  by  fourteen  experiments  on  the  combustion 
of  carbon  in  oxygen,  the  resulting  carbon  di-oxide  beinff 
weighed.  In  five  cases  natural  graphite  was  employed,  and 
in  four  graphite  from  charcoal  pig-iron.  Both  were  puri- 
fied by  treatment  with  acid  and  heating  in  chlorine.  The 
necessary  oxygen  was  developed  in  the  combustion-tube 
from  potassic  chlorate  and  cupric  oxide.  In  five  experi- 
ments diamond  was  employed,  and  the  oxygen  was  furnished 
from  a  gasometer.  The  oxygen  was  displaced  by  air,  espe- 
cially purified  from  carbon  cn-oxide  by  milk  of  lime.  The 
products  of  combustion  were  collected  in  tubes  filled  with 

Eumice  stone  moistened  with  sulphuric  acid,  Liebig  potash- 
ulbs  and  tubes  filled  with  dry  potash.  The  mean  of  the 
experiments  on  graphite  gave  C  =  74.982;  those  on  dia- 
mond gave  75.005 ;  the  extreme  difference  was  0.238.  The 
observers  point  out  that  the  result  would  not  be  affected  by 
reduction  to  vacuum.  [AnnaL  de  Chimie  et  de  Physique,  (8,) 
i,  1841,5.) 

Liebig  tninks  that  potash  must  have  been  volatilized,  and 
says  that  there  is  no  assurance  that  the  oxygen  was  com- 
pletely expelled  by  air.  lie  also  points  out  that  the  analyses 
of  camphor  and  benzoic  acid,  accompanying  the  investiea- 
tion,  show  an  excess  of  carbon  for  C  =  75.  {Iddnjfs 
Annal,  S8, 1841, 195.) 

Erdmann  and  Marchand:  12,000  (0=16);  7J 
(O  =  100). 

Erdmann  and  Marchand  repeated  Dumas'  and 
pcrimcuts.    Five  experiments  on  diamond  gave  C  ■ 


xtrenie  difference,  0.38.  Three  experiments  on  natural 
'antl  one  on  artificial  graphite  gave  C  =  75.087;  extreme 
difiercDce,  0.13.  The  number  is  the  mean  of  all  experi- 
ments. Erdmann  and  Marchand  adopt  75.  Calcium  chlo- 
ride was  used  in  theee  experiments  instead  of  sulphuric 
^cid  to  avoid  objections  as  to  the  possible  volatility  of  the 
jcid.     (Erdrmnn's  Joum.  fur  Prak.  Chem.,  S3,  1841,  169.) 

Berzeliob  and  Liebiq  and  Redtenbachbk  :  1^.119 
(0  =  16);  75.741  (0  =  100). 

Fiv©  analyses  by  Bcrzelius  of  tiie  tartrate  of  lead,  the 

lecom position  being  etleeted  by  heat,  gave  62.7431  per  cent, 

plumbic  oxide ;  extreme  difference,  0.045.     Several  analyeea 

F  plumbic  racemate  gave  a  mean  of  62.75  per  cent,  oxide; 

ottreme  difference,  0.05.     The  salts  were  prepared  by  frac- 

Konal  precipitation  of  plumbic  acetate  with  tartaric  and 

bracomic  acids  respectivelv.    They  were  dried  at  100°.    {Pog- 

ffoui.  AnnaL,  19,  1830,  306.)     From  the  analyses  of  the 

tartrnto  Liebig  and  Redtenbacher  calculate  C  =  75,771,  and 

from  the  racemate  75.711,  taking  Pb  =  1294.489  and  H  = 

6.2SM.     {Lkbig's  AnnaL,  38,  1841,  137.) 

LiEBio  and  Redtenbacher:  118. 137  (0  =  16);  75.854 
(O  =  100). 

1  Determined  by  decomposing  known  weights  of  organic 
kits  of  silver  in  a  covered  crucible  by  heat  and  weighing 
Bc  silvor.  Five  analyses  of  each  of  the  following  salta 
liowed  that  18.8113  Ag=  28.8098  acetate;  9.6171  Ag  = 
i6.228  t»rtra(c;  16.2641  Ag  =  27.438  racemate;  16.0596 
Kg  =  25.9019  malate.  If  Ag  =  1351.607  and  11  =  6.2394, 
9)0  above  value  for  C  follows,  with  an  extreme  difference 
br  the  20  analyses  of  0.765,  (0  =  100.)  The  figures  are  all 
'^llculated  for  vacuum.  [If  Ag  =  107.93  and  H  =  1.0025, 
i  average  number  obtained  from  the  mean  of  each  set  of 
malyaes  gives  U  =  12.06865  or  76.429.]  The  acetate  was 
prepared  by  partially  ueutralizing  pure  acetic  acid  with 
""iiomonia,  precipitating  with  argentic  nitrate  and  recrystal- 
izing  the  salt  from  hut  aqueous  solution.  The  crystals 
rvre  dried  ai  103°.  The  acetic  acid  was  prepared  from 
llumbic  acetate.  The  tartrate  was  prepared  by  adding  tar- 
Uto  of  sodium  'and  potassium  to  a  hot  (80"  to  85°)  dilute 
~*  IpD  of  argentic  nitrate  till  a  small  permanent  precipi- 
^i  formed,  and  cooling  the  solution.  The  racemate 
^red  from  pore  acid  racemate  of  ammonium  like 
The    raalate   was    prepared   from    calcium 
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inalate  and  argentic  nitrate.  The  salt  thus  obtained  was 
dissolved  in  nitric  acid,  and  reprecipitated  with  ammonia 
added  drop  by  drop,  not  to  complete  neutralization,  washed 
and  dried.    {Liebig's  Annul.,  38, 1841, 139.) 

A.  Strecker  recalculated  Liebig  and  Redtenbacher's 
analyses  given  above,  independently  of  the  atomic  weight 
of  silver,  from  the  difference  in  their  atomic  composition, 
employing  the  method  of  least  squares.  He  found  C  = 
75.415  =h  0.061,  or  12.066  dc  0.01.  In  the  same  way,  and 
from  the  same  analyses  he  calculated  the  atomic  weight  of 
silver  at  1348.79,  or  107.9032.  [The  close  coincidence  be- 
tween this  result  and  Stas',  is  certainly  worthy  of  remark.] 
{Liebifs  AnnaL,  69, 1846,  280.) 

Marignac  repeated  Liebig  and  Redtenbacher's  experi- 
ments and  got  almost  the  same  results,  but,  by  varying  the 
method  so  as  to  preclude  loss  by  spirting,  different  ones. 
{Liebifs  Annal.,  69, 1846,  287.) 

Stas  had  the  same  experience  as  Marignac,  and  also 
ascribes  Liebig  and  Sedtenbacher's  high  results  to  loss  by 
spirting.  {Bulletin  de  VAcad.  Roy.  des  Sciences  de  Belgique, 
16, 1849,  9.) 

C.  Marignac  :  11.986  (0  =  16). 

Determined  by  three  analyses  of  the  acetate  of  silver.  The 
salt  was  decomposed  by  heat  in  a  tube  in  such  a  way  that 
the  products  of  decomposition  were  forced  to  pass  through 
porous  silver,  and  loss  by  spirting  was  impossible.  100  parts 
of  the  salt  were  found  to  contain  a  mean  of  64.664  silver,  with 
an  extreme  difference  of  0.005  in  vacuo.  [If  Ag  =  107.98, 
these  figures  give  the  above  value.]  Marignac  regards  the 
analysis  as  a  confirmation  of  Dumas  and  Stas'  determina- 
tion. The  acetate  was  prepared  by  solution  of  argentic 
carbonate  in  acetic  acid  and  successive  recrystallizations. 
(Liebig' 8  Annul.,  69,  1846,  287;  Bibl.  Univ.,  Arch,  des 
&:iences,  1.  1846.) 

Strecker  believes  that  the  silver  in  Marignac's  determina- 
tion must  have  retained  carbon.     {Ibid.  284.) 

F.  VON  Wredb:  12.019  (0  =  16);  75.12  (0=100). 

Von  Wrcde  determined  the  specific  gravity  of  carbon  di- 
oxide, taking  into  consideration  its  variation  from  the  law 

of  Marriotte.  He  found  it  equal  to  1.52087  1±^^*- 
He  also  found  the  specific  gravity  of  oxygen  1.1062  and 
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that  of  carbonic  oxide  0.96779.  Comparison  gives  C  = 
75.11  to  75.14.  (BerzeUus'  Jahresberichi,  S2, 1842, 72.)  Berzq- 
lias  adopted  this  determination. 

According  to  Gmelin-Eraut,  i,  (2,)  70,  Regnault's  value 
for  the  specinc  gravitjr  of  oxygen  combined  with  von  Wrede's 
for  carbon  di-oxide  gives  C  =  12.0037,  and  with  that  for  car- 
bonic oxide  C  =r  12.0105. 

J.  8.  Stas  :  1S.006  (0  =  16) ;  76.0S9  (0  =  100). 

Determined  by  passing  carbonic  oxide  over  a  known 
weight  of  pure  cupric  oxide,  and  weighing  the  carbon  di- 
oxide formed.  Stas  got  from  eight  experiments  C  =  74.998 
to  75.055.  [The  number  taken  is  the  mean  of  the  results, 
which  is  misprinted  in  Stas'  paper  75.039.1  The  carbonic 
oxide  was  prepared  from  oxalic  acid  by  trie  action  of  sul- 
phuric acid.  It  was  purified  from  carbon  di-oxide  by  pass- 
ing through  potash  tubes,  and  from  oxygen  by  passing  over 
hot  copper  filings,  and  was  kept  in  a  gasometer  over  water, 
in  whicn  was  dissolved  a  solution  of  stannous  oxide  in  pot- 
ash. The  cupric  oxide  was  prepared  by  igniting  pure  cupric 
nitrate.  The  carbonic  acid  formed  in  the  experiments  was 
caught  in  potash  and  sulphuric  acid  tubes.  The  amount  of 
carbon  di-oxide  weighed  was  from  28  to  67  grammes.  The 
weighings  are  reduced  to  vacuum.  {Bulletin  de  VAcad.  Roy. 
des  Sciences  de  Belffique^  16j  1849,  9.) 

GRAPHON. 

B.  C.  Brodib  :  88  (0  =  16). 

By  the  action  9f  potassic  chlorate  and  nitric  acid  on  gra- 

Ehite,  Brodie  obtained  a  compound  of  carbon,  oxygen  and 
ydrogen  containing  11  atoms  of  carbon,  and  by  the  action 
of  heat  on  this  substance  two  others  containing,  respectively, 
22  and  66  atoms.  The  first  of  these  is  analogous  to  the 
hydrated  oxide  of  silicon  obtained  by  BuflF  and  Woehler, 
if  Si  =  21.  From  this  fact,  and  the  specific  heat  of  gra- 
phite, Brodie  concludes  that  the  atomic  weight  of  the 
graphitic  form  of  C  is  88.  {PhU.  Trans.,  149,  1859,  249.) 
I^rabam-Otto  points  out  that  if  Si  =  28,  graphon  must  be 
44,  and  that,  in  that  case,  the  argument  from  the  specific 
heat  loses  its  applicability. 

8 
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CERIUM. 

The  specific  heat  of  metallic  ceriam,  as  determiDed  by 
W.  F.  HiUebrand,  is  0.04479,  and  the  atomic  heat  6.18  if  the 
atomic  weight  is  188.    {Poggend.  AnnaLy  168j  1876,  86.) 

It  is  well  known  that  cerium  is  always  accompanied  in 
nature  b^  lanthanium  and  didymium.  The  former  was  dis- 
covered m  1889,  and  the  latter  in  1848,  both  by  Mosander. 

W.  HisiNGER :  1S7.9S  (0  =  16). 

According  to  Hisin^er,  as  reported  by  Berzelius,  the  lower 
oxide  of  cerium  contains  14.821  0  per  100  Ce,  giving  the 
atomic  weight  at  574.718  for  d  =  100,  if  the  lower  oxide  is 
regarded  as  a  protoxide.    {Poggend.  AnnaLj  5, 1826, 186.) 

T.  Thomson  :  160  (0  =  16). 

Thomson  analysed  the  sulphate  and  obtained  for  cerium 
the  value  625,  (0  =  100.)  [He  probably  took  barium  =  70.] 
{System  of  Chem.,  7th  ed.,  i,  1881,  466.) 

F.  J.  Otto  :  138.91  (0  =  16). 

According  to  Gmelin,  Otto  found  in  an  approximate  de- 
termination Ce  =  578.8,  and  recorded  it  in  his  revised  trans- 
lation of  Graham's  Chemistry,  i,  1840,  222. 

A.  Beringeb  :  138.4B  (0  =  16). 

[Three  analyses  of  cerous  chloride  with  silver  give  the 
atomic  weight  of  cerium  at  576.875,  or  92.22,  if  Ag  = 
107.98,  and  CI  =  85.457.  Inconsistent  results  are  given  for 
an  analysis  of  the  sulphide.]  Three  analyses  of  the  sul- 
phate in  which  the  oxide  was  determined,  gave  57.4717  per 
cent,  so-called  protoxide,  [or  Ce  =  576.81,  or  92.21,  if  8  = 
82.0742.]  Analysis  of  the  formate  gave  Ce  =i  677.04  for 
C  =  75.85.  The  material  for  the  preparations  was  eerie 
oxide  obtained  from  cerite,  and  purified  from  lanthanium 
by  digestion  with  very  dilute  nitric  acid.  The  lower  oxide 
was  assumed  to  be  Ce  0.    {Liebig's  Annal.^  J^^  1842, 184.) 

R.  Hermann  :  138  (0  =  16). 

The  lower  oxide  was  assumed  to  be  Ce  0.  28.528  parti  of 
anhydrous  cerous  sulphate  gave  29.160  parts  of  bariam 

ghate,  giving  Ce  =  575,  for  O  =  100,  Ba  =  856.J 
=  201.16.    The  salt  was  obtained  by  precipitatii 
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sulphate  from  a  salpfauric  solution  of  the  cerite  oxides,  and 
converting  this  precipitate  into  the  neutral  salt.  {ErdmanrCs 
JourrufUr  Prak,  Chem.,  SO,  1843,  184.) 

C.  Rammblsbbro  :  1S7.9S  (O  =  16). 

Hermann  states  that  Rammelsberg  experimented  on 
cerium  salts  free  from  lanthanium,  and  got  Ce  =  574.7,  the 
lower  oxide  being  supposed  to  contain  one  atom  of  oxygen. 
[I  cannot  find  the  original  paper.]  {Erdmann^s  Joum.  fur 
Trak.  Chem.,  SO,  1843,  184.) 

C.  Marionac  :  141.79  (0  =  16). 

The  result  of  seven  experiments  on  the  titration  of  cerous 
sulphate,  prepared  from  basic  sulphate,  with  barium  chlo- 
ride. {ErdmamVs  Jcum.  fur  Prak.  Chem.,  48,  1849,  406; 
BibL  Unic.  Arch  des  Sciences,  8,  265.)  Marignac  subsequently 
made  experiments  which  showed  these  results  to  be  too  high 
from  the  impurity  of  the  barium  sulphate  precipitate,  (see 
note  to  Turner's  determination  of  Barium,)  and  that  the 
number  575  (for  O  =  100  and  cerous  oxide  Ce  O)  was  more 
probable.  {AnnaL  de  Chimie  et  de  Physique,  (3,)  38, 1853, 
148.) 

T.  Kjebulp  :  174.66. 

Ejerulf  obtained,  by  three  or^nic  analyses  of  cerium 
oxalate,  Ce  =  727.33  on  the  protoxide  theory,  0  =  100.  The 
salt  was  prepared  by  dissolving  cerium  oxide  in  oxalic  acid. 
(Liebig's  AnnaL,  87,  1853,  12.)  Bunsen  points  out  that  this 
must  have  been  a  basic  salt.     {Ibid,  105,  1S58,  50.) 

R.  Bunsen  and  J.  Jegel  :  188.193  \0  =  16). 

The  lower  oxide  was  presumed  to  contain  one  atom  of 
oxygen.  In  two  experiments  cerous  sulphate  was  decom- 
posed with  ammonium  oxalate.  The  sulphuric  acid  thus 
liberated  was  determined  with  barium  sulphate ;  the  cerium 
oxalate  precipitate  was  decomposed  by  heat  with  the  forma- 
tion of  eerie  oxide,  which  was  weighed  and  the  additional 
oxygen,  introduced  by  heating,  determined  by  iodometric 
titration.  The  salt  was  not  anhydrous  ;  the  water  contents 
was  estimated  by  diflFerence.  The  experiments  gave  respec- 
tively 57.49  and  57.46  per  cent  cerous  oxide  in  the  anhvdrous 
salt,  or  Ce  =  576.3  and  575.25  if  S  =  200.  One  experiment 
made  on  hydrous  cerium  oxalate.  The  cerous  oxide 
*nvA  as  before:  the  water  was  determined  and  the 
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oxalic  acid  was  estimated  by  diflference.  This  gave  00,02 
per  cent,  cerous  oxide,  calculated  for  the  anhydrous  salt,  or 
Ce  =  575.65.  The  salts  were  prepared  from  cerite  as  fol- 
lows: the  mineral  was  digested  with  sulphuric  acid,  the 
sulphates  formed  were  leached  with  water  and  with  dilute 
nitric  acid ;  this  solution  was  treated  with  hydrogen  sul- 
phide, chlorhydric  acid  was  added  and  cerium  oxalate  was 
precipitated.  The  oxalate  was  heated  with  magnesia  to 
convert  the  cerium  into  the  higher  oxide,  which  was  dis- 
solved in  concentrated  nitric  acid.  After  diluting  the  solu- 
tion, chemically  pure  basic  sulphate  was  precipitated.  In 
the  preparation  of  cerous  sulphate  and  oxalate  oxidation 
was  prevented  by  the  action  of  sulphurous  acid.  {Liebig's 
AnnaLy  106, 1858,  45.) 

C.  Rammelsberg  :  1S8.216  (0  =  16). 

One  experiment  on  the  organic  analysis  of  cerium  oxalate 
by  heating  in  a  current  of  oxygen  behind  copper  oxide  gave 
Ce  =  575.9,  (O  =  100,)  or  92.144,  (0  =  16,)  cerous  oxide 
being  regarded  as  Ce  O.  Rammelsberg  does  not  adopt  his 
own,  but  Hermann's  determination,  (^oggend.  AnnaL^  108, 
1859,  44.) 

C.  Wolf  :  1S6.99S  (0  =  16), 

Determined  from  experiments  on  the  sulphate,  prepared 
and  analyzed  as  by  Bunsen  and  Jegel.  W  olf  purified  the 
basic  sulphate  b^  solution  in  nitric  acid  and  reprecipitation 
in  hot  water,  aided  by  recrystallizations.  He  found  that 
the  oftener  these  processes  were  repeated  the  smaller  was 
the  atomic  weight  resulting  from  the  analysis.  The  purifi- 
cations were  repeated  until  the  salt  was  spectroscopically 
free  from  didymiura,  and  was  perfectly  white,  (that  employed 
by  other  investigators  had  been  yellowish  or  bufil)  The 
value  taken,  45.664,  [or  ^  of  136.992,]  was  the  smallest 
and  last  value  reached.  The  investigation  was  made  in 
Bunsen's  laboratory.  {Silliman^s  Am.  Joiim.,  (2,)  4^,  1868, 
53.) 

C.  H.  Wing  :  137.01  (0  =  16). 

Two  experiments  were  made  on  the  decomposition  of 
hydrous  cerium  sulphate  with  oxalic  acid,  the  cerium  oxalate 
being  converted  into  eerie  oxide  by  heat.  The  amount  of 
cerous  oxide  in  the  eerie  oxide  was  calculated  accordiDg  to 
Wolfs  results,  ^ving  for  the  atomic  weight  of  cerium  45.64 
and  45.69,  S  being  32.    The  cerium  was  six  times  recon* 
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Terted  into  basic  sulphate,  and  repeated  recrystallizations 
were  made.  The  salt  was  white  and  spectroscopically  pure. 
The  determination  was  made  in  Gibbs'  laboratory.  (fiSK/i- 
man's  Amer.  Joum.  (2,)  49,  1870,  356.) 

D.  Mendblbjeff:  138  (0  =  16). 

Mendelejeff  first  suggested  raising  the  atomic  weight  of 
cerium  from  92  to  138.  His  reasons  were  a  specific  heat 
determination  which  he  had  made  with  very  impure  metal, 
and  the  fact  that  the  supposed  sesquioxide  had  never  been 
shown  to  exist.  He  believes  that  the  atomic  weight  will 
be  found  somewhat  below  138,  because  that  is  the  atomic 
weight  of  barium.    {Liebig's  AnnaL,  suppl.,  5, 1871,  186.) 

H.  BuEHBiG :  140.643  (O  =  16). 

Determined  from  ten  analyses  of  the  hydrous  oxalate  per- 
formed by  combustion  in  a  current  of  pure  oxygen  behind 
copper  oxide.  The  water  was  collected  in  tubes  filled  with 
calcic  chloride,  and  the  carbonic  acid  in  potash.  Five  ex- 
periments in  which  the  cerium  oxide  was  not  <letermined 
gave  a  mean  of  94.1304,  on  the  supposition  that  cerous 
oxide  contains  1  atom  of  oxygen  and  that  0  =  15.96,  with 
an  extreme  difference  of  0.0445.  Five  determinations  in 
which  the  cerium  was  determined  as  eerie  oxide  gave 
94.2260,  with  an  extreme  difference  of  0.0431.  Carbon  was 
taken  at  11.97.  The  mean  result  is  Ce  =  94.1782  for  the 
above  mentioned  assumptions,  [or  140.648  for  O  =  16,  and 
on  the  sapposition  that  cerous  oxide  is  a  sesqui-compound.] 
The  oxalate  was  prepared  from  basic  nitrate  purified  bv 
Qibbs'  method  of  oxidation  with  minium  and  nitric  acid. 
The  salt  was  spectroscopically  pure.  [Erdmann^s  Joum.  fur 
Prak.  Chem.,  ISO,  1878,  222.) 
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The  density  of  chlorine  eas  and  the  specific  heat  of  chlo- 
rine compounds  leave  no  doubt  that  the  atomic  weight  of 
this  element  is  nearly  35.5.     {Gmelin-Krautj  L  c.) 

Marcet,  Berzelius,  Wollaston  :  S6.S8  (0  =  16). 

Marcet,  by  experimenting  on  the  calcination  of  pure  ma 
Ue,  and  on  the  saturation  of  chlorhydric  acid  with  lis 
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found  as  the  mean  of  many  trials,  that  50.77  calcic  carbo- 
nate are  equivalent  to  56.1  calcic  chloride.  WoUaston, 
taking  the  equivalent  of  calcic  carbonate  at  680,  and  that 
of  calcium  at  255,  calculates  the  equivalent  of  chlorine  at 
441  for  0  =  100.  Wollaston  cites  Berzelius  as  having  ob- 
tained the  same  number  b}^  the  conversion  of  plumbic  car- 
bonate into  chloride.  {Phil.  Trans.,  97,  1807,  801;  IOj^ 
1814,  20.) 

J.  J.  Berzelius  :  S5413  (0  =  16) ;   221.827  (0  = 
100). 

The  molecular  weight  of  potassium  chloride  was  ascer- 
tained from  four  experiments  on  the  decomposition  of 
potassium  chlorate,  which  on  being  heated  lost  89.15  per 
cent,  oxygen.  This  gives  for  the  chloride  982.567,  (O  = 
100.)  TOO  parts  of  potassium  chloride  were  further  found 
equivalent  to  192.4  parts  argentic  chloride,  and  100  parts  of 
silver  to  132.75  argentic  chloride.  The  value  follows. 
Berzelius  in  his  Lehrbuch  accepts  Marignac's  determination 
and  ascribes  the  error  of  the  value  he  had  obtained  to  the 
imperfect  decomposition  of  that  portion  of  the  chlorate 
which  was  carried  off  as  dust  during  the  experiment.  (Pog* 
gend.  Anna!,,  <S,  1826, 17;  also  Lehrbuch  der  ChemiCySy  1189, 
1191.) 

E.  Turner  :  85.42  (0  =  16). 

Turner  made  two  experiments  on  the  decomposition  of 
plumbic  chloride  with  argentic  nitrate.  Assuming  the 
atomic  weight  of  lead  at  103.6,  and  that  100  silver  =  182.8 
chloride,  these  analyses  gave  01  =  85.48  and  85.48.  Turner 
also  decomposed  corrosive  sublimate  with  calcic  oxide  neu- 
tralized with  nitric  acid  and  precipitated  with  argentic 
nitrate.  If  mercury  =  201,  these  analyses  give  a  maximum 
of  85.28,  and  a  minimum  of  85.21,  of  which  Turner  selecte 
the  largest.  From  calomel  treated  in  the  same  way,  he 
arrived  at  the  value  35.85.  From  his  experiments  on  the 
composition  of  argentic  chloride  (and  apparently  compari- 
son with  potassic  chloride  and  chlorate)  Turner  got 
35.45.  The  moan  of  the  other  experiments  was  85.85,  but 
Turner  considers  35.42  as  being  the  most  likely  value.  The 
plumbum  chloride  was  prepared  from  the  carbonate,  and 
was  purified  bv  recryatallization,  as  was  also  the  corraeiTO, 
sublimate.  The  calomel  was  "  prepared  by  Mr.  How»«^  ** 
and  retained  traces  of  moisture  at  300^,  which  wou*'^ 
the  atomic  weight  derived  from  its  analysis  too 
values  are  for  vacuum.    [Phil  Trans.,  123, 181 


F.  Peshx  :  35.454  (0  =  16). 

Six  experiments  on  the  conversion'  of  silver  into  nitrate 

»ve  100  Ag=  157.441  nitrate;  extreme  difFerenco.  O.I)2(). 

Jwelve  experimeDts  by  three  different  methods  on  the  con- 

frcrsion  of  eilver  into  chloride  gave  lOi)  Ag  =  152.837  chlo- 

RtiJo.     Four  series  of  experiments  on  the  intercon version  of 

Etassic  chloride,  chlorate  and  nitrate  j^ve  for  the  difference 
iwecn  the  molecular  weigbte  of  the  chloride  and  the 
(nitrate  26.56.  Corresponding  experiments  with  sodium 
Malts  gavo  the  same  difference  26.668.  The  mean  combined 
B-vith  the  data  for  the  silver  salts  gives  the  molecular  weight 
Jof  argentic  chloride  at  143.424,  and  01  =  35.454.  For  lur- 
■itbcr  details  see  Penny's  determinations  of  potassiuni,  eodium, 
Ittitrogen  and  silver.  The  weighings  were  culculutcd  for 
■-Ticnnm.     {Phil.  Trans.,  129,  1839,  32.*) 

aPHU.LIP3:  35.688  (0  =  16). 
In  order  to  avoid  the  error  possibly  incurred  by  the  melt- 
ing of  ftpgentic  chloride,  etc.,  Phillips  mixed  known  and 
iiearly  equivalent  qnnntitioe  of  silver  dissolved  in  nitric  acid, 

for  of  crystallized  argentic  nitrate,  with  ammonium  chloride ; 
filtered,  washed,  and  precipitated  the  comparatively  minute 
ainouiit  of  chlorine  in  the  filtrate  with  silver  solution.  The 
fusion  of  this  small  quantitv  could  cause  no  loss  of  import- 

I  ance.  Phillips  confesses  tnat  Ids  ammonium  chloride  was 
ici'i  and  the  only  conclusions  he  draws  are  that  01  =  36, 

•21  =s  14,  O  =  8  and  H  =  1  may  be  taken  without  coiieider- 
tble  cn-or  if  silver  is  108.  [The  method  seems  to  have  been 
mginat  and  \a  nearly  that  afterwards  adopted  by  Pelouzu. 

■The  acidity  of  the  ammonium  chloride  would  of  course  give 

|C1  too  high.]    (Phil.  Trans.,  139, 1839,  35.) 

C.  Marihnac  :  36.001  {0  =  16);  225.007  (0  =  100). 
I  Determined  by  passing  chlorhydric  acid  gas  over  liot 
teapric  oxide  and  condensing  the  water  formed.  The  mean 
liof  three  experiments  was  CT=:  450.013 ;  the  extreme  ditfcr- 
ntnce  is  0.2  for  O  =  100.     The  gas  waa  made  from  recrys- 

•TTlit  it  one  of  the  moat  elegant  iiivMtigiHians  of  ttia  kind  to  ht  fnunJ 
B  obunical  iituniluro,  tliougb  it  icsrcely  reccivei  a  mention  except  fraiii 
'"•i,  who  aeeordt  l(i  it  the  praise  it  deaerve*.  StM'  wondcrriiUj  eihoustive 
■■   ■  ii'x''i!Jirv  i'y  proTa  beyond  question  that  cliemiBlr_v  has  a 

'  '  '  ific  atomic  weiglit*  of  the  ekmcatf  are  incom- 
i^ion,  taken  in  coDaectioa  witli  Stiu',  ehon'« 
'iritcy  is  nut  inoompntible  witb  tbe  (tmplesc 
.  ivith  the  oare  and  ncumeii,  without  wnick 


^\  ^'Z-'.'Xy.    rtuSSZ  3S=323ZK£ 


^/■--%/,  -vy  ^Uttw.t^jr  z.i:*'JupL  Tinit  "nil*  £Ii!st  "vii  sLi^^sne 
w^jpf  «aM  "^v  j^^rjsT,  '.\  x>  vrxitifOiSKs  *:  ia5ii  ^riis^  wh» 


A,  l.4-,«*7:  iS.«>;    0  =  1-5  :  f£L«7±   O  =  100L 

U/ri^U:.  yii/i/:i,  :J.if/\rA  V/'yJr.taci  *«-2S:  S*.i&:  5S.25:  per 
^;iro^  ';;,  'IV,^  ff.^fi  iA  i*-5rr  firrm  •■'Li^rh  tfce  ^oe  foUova. 
(hifij:  ^>//y»/.'/4  A>r/wfcw,  /^  1*42,  456. 

A'yy/Hifi^  t//  W^fixuhUH,  Laare&t  confessed  thftt  his  salt 
wiM  Uu\fHnz^  f:ou^j^ut\ufi^  ';hlorose  oompoands,  in  Gerfamrdt's 
Omif/ttii  l(rfnlo>.,  IHifj,  10%.    (Anwd.de  Odmiettde  Phfriqwty 


C.  SiAiiUiHAC:  fSfjJil  (0=16);  221.07  (0  =  100). 

hvntlK'HiH  of  ttr^i;rjtic  chloride  showed  that  100  sih 
M\\\\xW  iWji  t'hUirUitt.     Ik'rzelius  had  found  32.75,  which 


Onit  H\u\.\ti'hitt  of  ttr^i;rjtic  chloride  showed  that  100  silver 
itniiftU  iy^li  t'hUirUitt.  IkTzelius  had  found  32.75,  which 
Mitri^iiiM!  ni\n\t\M,     Murif^nac  found  by  six  experiments  on 


tltn  tU%tu9Ui\tim\iuni  of  [lOtuHHic  chlorate  by  heat,  that  the 
iiioliNiiihir  wni/f  III  of  potiiHHic  chloride  was  982.14.  He  tested 
llin  iM|iiiviiloiM;n  of  potfiHHic  and  argentic  chlorides  by  pre- 
(•Iplliitlii^  llin  foriiior  with  argentic  nitrate,  filtering  with- 
(Mit.  Ihii  linn  dl'  |iii|MT  through  a  funnel  with  a  capillary  nock. 
T\w  pr(M*i|iitiit(i  wiiH  dried  and  weighed,  then  melted  and 
rmvnlghiMl,  no  loNH  lining  ohHcrvablo.  100  potassium  chlo- 
I'idn  giivo  lit'J.Uil  and  1012.84  argentic  chloride  in  two  ex- 
pprltnohtrt,  or  hmIuimmI  to  vuiMium,  192.26.  Hence  the  atomic 
N\i»iglil  in  -U'J,  IJl.  Tho  potiiHHio  chloride  was  prepared  by 
hpiitinu  ohioriito  which  hud  boon  purified  by  repeated 
iooi\\«tiilli<»«lionH.     (/.iVAA/V  AnnaL,  ^,  1842,  23.) 

K\  MviuuNAO:  ;*V.J.V;  ^(>  =  1(J);  221.6  (0  =  100). 

\\\  ttoooiNhuu'o  \\\\\\  lVKm.-o*H  suggi^^tion,  Marignac  re- 
l^^^tod  hu  \lototMnuuui\M)  \^f  tho  ooinpiviiiiion  of  argentic 
ohlxM'ulo  k\\\\\  \^(  I  ho  o\)uivuloiuv  of  (K^ta^io  and  argentic 
ohUM\\loH,  ^vUunuVij  Iho  n\^^Uv«lrtr  woi^ht  of  potassic  chlo- 
v^lo  uuMUu^Movl  u\  tho  IrtM  i>arrtjrrai^u  That  value  was 
o^^Au^sl  r\NMu  iho  u\nn*u  v^f  M\  o\(vriuiont*  on  the  decom- 
|sv^uuMt  x^<  tiio  o^*ov«^to  \\h»,oh  ^^vv  t}*o  {vrwncaceof 
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uetliod,  a  known  weieht  of  silver  being  dissolved  in  nitric 
Vacid  and  added  to  alcnownand  nearly  equivalent  amount 
of  potaBsic  chloride  in  solution,  after  which  the  excess  was 
titrated  with  decimal  standard  solution.  100  parts  of  silver 
'  were  precipitated  by  from  69.049  to  69.067,  in  mean  by 
69.062  chloride.  100  parts  of  chloride  were  precipitated  by 
from  192.33  to  192.37,  in  mean  by  192.348  silver.  Five 
axperitneiit«  were  made  on  the  composition  of  argentic 
ohloride  by  diesolving  silver  in  nitric  acid,  with  precautions 
o^inst  loss  by  spirting,  precipitation  with  chlorhydric  acid, 
waabing,  drying,  melting  and  weighing  in  the  aame  vessel. 
100  parU  of  silver  gave  from  132.826  to  132.844  chloride, 
mean  132.84.  Calculation  from  those  data  gives  in  vacuo 
Ag  =  1849.01 ;  K  =  488.9-t ;  CI  =  443.20 ;  for  0  =  100  [or 
,Ag  =  107.921;  K  =  39.115;  CI  =  36.456,  for  0  =  16.] 
Berzeiiua'  Jahresberichl,  Si,  1844,  58  ;  Bibl  Univ.,  4.6,  1843, 
teO.) 


C.  Gkbhabdt:  36  (0=16). 

r  By  heating  potassic  chlorate  in  a  current  of  oxygen  Ger- 
hardt  got,  wlien  he  took  precautions  against  los8T)y  spirt- 
ing, a  mean  of  60.949  chloride,  from  which  he  deduces  86 
for  chlorine  without  giving  further  data.  {Paris  Comptes 
Mendut,  SI,  1845, 1280.)  Marignac  shows  that  no  data  have 
i»vor  been  published  which,  in  connection  with  Gerbardt's 
rperimenta,  would  give  this  value  for  chlorine.  He  adds 
iher  experimenta  of  his  own  which,  without  aiming  to 
— "  h  more  exactly  the  true  atomic  weight,  prove  it  less 
i  ILiebig'a  Annal.,59,  1846,  284;  Bibl  Univ.,  Arch. 
-«*,  1,  1846.) 


E.  J.  MiVmiNfe:  SS.46S  (O  =  16). 

Meameni  made  seven  analyses  of  argentic  chloride  by 
redaction  in  a  current  of  pure  hydrogen.     Five  of  these  ex- 
periments were  made  with  quantities  less  than  10  grammes, 
_and  gave  a  mean  of  100  silver  =  82.73«  CI.     Two  experi- 
^neota  were  made  with  about  30 grammes  tioch,  and  gave  100 
Dver  equal  to  32.86  and  32.853  chlorine.     Maumen6  pre- 
'  IV  the  Iftlter,  and  deduces  from  them  for  chlorine  the  value 
18.67  or  .tS-^i-Oi  talcing  silver  according  to  his  own  experi- 
benU  at  i;^50..S2.     [If  silver  is  taken  at  107.93  (Stas)  the 
■alyses  give  35.462.]     {Annal.de  Chimieetd*' F' 
MG,  41.1 


42  ATOXIC  WKZGHT  DCRUIDrATIOSS. 

A.  Laurest  :  35.5  (O  =  16j ;  221.88  (O  =  100). 

A  single  experiment  was  made  as  follows :  pare  silver 
was  weighed  off  and  placed  in  a  matrass,  nitric  and  chlor- 
hvdric  acids  were  added,  the  liquid  was  evaporated  and 
tne  chloride  melted.  An  emptj  test  was  carried  on  at  the 
same  time  to  act  as  tare.  Silver  was  taken  at  1350.  {Paris 
Omptes  Bendus,  20, 1849,  5.) 

3.  Dumas  :  85.5  (O  =  16). 

Determined  by  chloridizing  different  weights  of  pare  silver 
by  heating  the  metal  in  a  current  of  chlorine.  Experiments 
on  10  grammes  and  20  grammes  gave  a  mean  of  35.5055, 
the  difference  being  0.013,  for  chlorine,  if  silver  is  108. 
(AnnaL  de  Chimie  et  de  Physique^  (3,)  65y  1859, 135.) 

J.  H.  Stas:  35.457  (0  =  16). 

StOH  found  the  atomic  weight  of  chlorine  by  three  inde- 
pnndont  methods : 

(1.)  From  analysis  of  argentic  chlorate  and  synthesb  of 
argentic  chloride.  A  known  weight  of  the  chlorate  was 
<tiiif«olvod  in  water,  precipitated  with  sulphuric  acid  to  secure 
advantageous  division  of  the  salt,  and  reduced  while  in 
nn«ponmon  l)y  a  slow  stream  of  sulphurous  anhydride.  The 
rhlori<Io  was  wivshed,  dried,  and  weighed  in  the  lUtsk  in  which 
It.  wiiM  produced.  The  minute  amount  of  chloride  present 
in  tho  ohlomte  was  collected  and  taken  into  consideration, 
antl  the  waKh-water  was  carefully  examined  for  silver.  Two 
analvHOH  (of  about  140  and  260  grammes)  gave  for  the 
ntolotMilur  weight  of  the  chloride  14§.383  and  143.407,  mean 
14S.;li>r>.  A  variety  of  syntheses  of  argentic  chloride  in  the 
wot  iu\d  in  tlio  dry  way  showed  that  100  parts  silver  com- 
bined with  nonrly  •12.850  parts  chlorine.  Stas  assumes  that 
none  ot*  hii»  synthoj^es  oan  possibly  have  given  too  much 
ohioride  and  aooepts  the  relation  stated.     These  data  give 

vS.)  Wnn  the  mutual  r^^lations  of  potassic  chlorate  and 
ohiori\te  and  rtr]d:xMUie  ohloride,  oi^mbined  with  the  compoei- 
ti^M\  ot' the  lrtM»     The  ohlorato  wa*  decomposed  either  by 
O^ntle  hertt  or  in  the  wot  way  with  ohlorhydric  acid.     100 
^Nartv  ^^f  ohlornto  >\o^v  t^Mtnd  to  otMitain  60.846  parts  dilo- 
ride  .-^1^  the  n>o;u)  ot'  oi^iht  o\porimont.<:  oxtreme  dUbrMMi^:^ 
0,01  i»  whioh  jiivo*  \\w  moUvular  woijjht  of  potrnwiit* 
at  T4..Si^.     The  ^N^lwtiiNn  IxMWtvn  jvNtasssio  aM  aif 
rido  Wi^!i  a<ivv(r^inod  by  IVlouzoV  method,  («••' 
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deterruitiatiun  above.}  Twenty  experiments  ou  quantities 
of  32  );raraines,  and  leas,  of  silver  gave  100  parts  Ag  = 
69.103  parts  KCl ;  extreme  difference,  0.008.  These  data 
combiiied  with  the  composition  of  argentic  chloride  given 
.\)ove,  indicate  for  chlorine  35.4i)0. 
(8.)  The  composition  of  argentic  nitrate  was  determined, 
and  the  dlfierence  between  the  atomic  weights  of  nitrogen 
and  chlorine.  In  two  experiments  silver  was  dissolved  in 
citric  acid,  the  solution  evaporated  to  dryness,  and  the 
nitrate  kept  melted  until  there  was  no  further  loss  of 
weight  The  result  obtained  was  that  100  silver  =  137.484 
nitrate;  ditterence,  0.008.  From  series  of  experiments  on 
the  relation  of  the  chlorides  of  potassium,  sodium,  lithium 
id  silver  to  the  nitrates,  Stas  found  the  ditterence  between 
chloride  and  a  nitrate  from  26.58G  to  26.591 ;  mean  26.588. 
These  date  show  that  the  atomic  weight  of  chlorine  lies 
b«twe«ti  Sd.455  and  35.460,  and  confirm  the  mean  of  all  the 
Uet«niii nations  of  I'enny,  Marignac,  and  Stas,  35.457.  The 
silver  for  this  investigation  was  either  distilled  or  compared 
with  liistilled  silver;  it  was  found  impossible  to  reduce 
the  amount  of  silica  in  the  alkaline  salts  below  0.002  of  one 
p«r  c«nt.,  it  was  therefore  determined  and  allowed  for; 
every  possible  method  of  puritication  by  recrystallization 
and  otherwise  was  resorted  to  to  ensure  purity.  The  weigh- 
ing«  are  all  reduced  to  vacuum.  (Slas,  Uniera.  Uber  Ghem. 
Popart,  Ldpziy,  1867.) 


CHROMIUM. 


The  specific  heat  of  chromium,  as  determined  from  that 
of  the  oxide  by  Kopp,  Regnault,  and  Neumann,  corresponds 
to  an  atomic  heat  of  from  6.4  to  5.98,  if  the  atomic  weight 
la  taken  at  52.4.     {Gmelin-Kraut,  I.  c.) 

J.  J.  Berzelius  :  66.S9  (0  =  16) ;  351.819  (0  =  100). 

100  parts  of  plumbic  nitrate,  on  precipitation  with  potas- 

•io  ehromate,  gave  98,772  parts  plumbic  chromute.     The 

valae  follows  for  Pb  =  1294.498,  aud  N  =  88.518.   {Poggend. 

Avjud.,  3,  1826,  22.) 

T.  Tbomok  :  54  (0  =  16);  400  (O  =  100). 


1  grains  of  metallic  chromium,  converted  into  chromic 
y  hoatiiig  with  potash  and  nitre,  gave  a  precipitate  of 
gniins  plumbic  ehromate.     (P/uT.   Trans.,  117,  1827, 


S.14, 

avid  by 

1(S.2<I  grutna  pj 

159.) 


44  ATOMIC   WEIGHT  DETERMINATIONS. 

E.  Peligot  :  5248  (O  =  16) ;  828  (O  =  100). 

Pelieot  reached  this  valae  by  a  careful  carbon  deter miaa- 
tion  of  chromoas  acetate,  produced  by  precipitating  a  dilute 
solution  of  chromium  protochloride  with  sodium  acetate, 
C  =  75.  Peligot  does  not  regard  the  experiment  as  defini- 
tive, the  salt  possessing  but  little  stability.  {AnnaL  de 
Chimie  et  de  Physique,  (3,)  12, 1844,  527.) 

N.  J.  Berlin  :  5S.54^  (O  =  16) ;  328.39  (O  =  100). 

Five  experiments  were  made  on  the  decomposition  of 
argentic  chromate  with  chlorhydric  acid  and  alcohol.  The 
silver  chloride  was  washed  in  the  flask  in  which  it  was  pre- 
cipitated, treated  with  aqua  regia,  melted  and  weighed  with- 
out removal.  The  decanted  fluid  and  the  wash-water  were 
evaporated  to  dryness  with  excess  of  ammonia,  treated  with 
water  and  the  chromium  oxide  filtered  off,  heated  to  redness 
and  weighed.  [Nothing  is  said  of  the  recovery  of  any 
argentic  chloride  that  might  have  been  removed  by  the 
decantation.]  The  value  taken  is  calculated  from  the  com- 
parison of  the  amounts  of  argentic  chloride  and  of  chro- 
mium oxide  obtained,  Ag=  1349.66;  01  =  443.28.  The 
extreme  difference  is  1,  for  O  =  100.  The  argentic  chro- 
mate was  prepared  by  adding  nitrate  to  a  solution  of  potassic 
chromate.  {ErdmanrCs  Journ.  fiir  Prak.  Ghem.y  38,  1846, 
145.) 

V.  A.  Jacquelin  :    60.08  (O  =  16) ;  313  (O  =  100). 

By  washing  and  purifying  violet  chromium  chloride, 
Jacquelain  obtained  a  substance  which  he  took  to  be  the 
pure  chloride  and  which  was  more  soluble  than  the  nn- 
purified  salt.  He  analysed  it  by  melting  with  soda,  and 
arrived  at  the  above  number.  {Liehig^s  Annal.,  fi^,  1847, 
275 ;  Bevue  Scient.,'U,  198.) 

A.  Mobbrg:  63.663  (0  =  16);  334.769  (0  =  100). 

Moberg  made  twelve  experiments  on  the  decomposition 
of  chromium  salts  by  heat.  In  two  cases  the  sulphate 
dried  at  a  low  red  heat  was  decomposed  by  strong  ignition 
in  a  platinum  crucible  ;  the  results  being,  335.65  and  885.29 
for  chromium.  Ten  experiments  were  made  on  the  decern* 
position  of  ammonium-chromium-alum  which  had  been 
dried  in  a  pulverized  state  for  a  long  time.  These  det69* 
ininations  gave  from  333.965  to  335.739.  The  valoe 
18  the  mean.  The  alum  employed  was  prepared  fiw 
nmtoriaU  and  was  repeatedlv  recrystallized.  S  ^  SO 
87.6.     (Erdmanns  Journ.  fiir  PraL  Chtnu,  ^,  184 
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J.  Lrfobt;  52.97  (0  =  16). 
Determined  by  fourteen  experitaeats  on  the  precipitatiou 
of  barium  with  sulphuric  acid  from  a  nitric  acid  solution  of 
barium  chromate.  The  barium  chromate  was  prepared  \iy 
precipitating  potassium  chromate  with  barium  nitrate  and 
iirving  the  precipitate  at  250°.  [If  these  analyses  are  cal- 
culated for  barium  =  137  and  S  =  32,  they  gii^e  100  barium 
chromate  ^60.244  barium  oxide,  extreme  difterence,  0.26, 
*nd  the  atomic  weight  as  above.  Lefort  seems  to  have 
taken  Ba  =  136.72.  Berlin  point*  out  the  correction  which 
I  liave  verified.]  (Brdinann's  Journ.  fur  Prak.  Chem.,  SI, 
1860,  261 ;  Joam.  tie  Pharm.  el  de  Ckim.,  18,  27.) 

K.  WiLDENSTEiN  :  5S.4SS  (0  =  16). 
Duterminud  by  thirty-two  experiments  on  the  precipitation 
of  barium  chloride,  detiiccuted  at  a  red  heat,  by  pure,  neutral 

EoiaMic  chromate.  The  mean  of  these  analyaea  gave  100 
nrium  chromate  =  81.70  barium  chloride ;  extreme  difter- 
ence 0.85,  Wildenstein  calculates  334.48  without  giving 
the  assumption  for  chlorine.  [If  CI  =  36.467  ;  Ba  =  137, 
the  valne  tollows.]  [Erdmam's  Journ.  fur  Prak.  Chem.,  69, 
1858,  28.) 

F.  Kbsslkr:  52.3  (0  =  16). 

Kc^sler  reached  tliis  value  by  comparing  the  oxidizing 
action  of  polassic  chromate  with  that  of  potassic  chlorate  on 
tirseniou^t  acid.  Six  experiraeuta  were  made  on  the  oxidiz- 
ing power  of  the  chromate  and  twelve  on  that  of  the  chlorate 
by  a  method  of  titration.  By  combining  the  maximum  of 
one  with  the  minimum  of  the  other  series,  Kessler  finds  the 
Atomic  weight  of  chromium  between  26.93  and  26.40;  in 
mean  26.16,  K  being  =  39.12  and  CI  =35.45.  Confirma- 
tory experiments  were  made  on  the  o.xidatiou  of  terrous 
chloride  ill  the  same  way.  These  gave  a  mean  of  26.1. 
iPoggmd.  AnmL,  113,  1861,  137;  95,  1855,  20S.) 

M.  SiKWABT :  52.094  (0  =  16). 

Detertuioed  from  the  amount  of  chlorine  in  sublimed 
Tiolet  chromium  chloride.  Siewart  criticises  Eessler's  de- 
lermioation  and  deduces  trom  the  latter's  data  a  value  26.02. 
IKopp'f  Jihrrsbmrhf,  14,  1861,  240;  Halle,  Zeitschr.  fiir  dU 
Gf^iu.:  ■    '■  -.  ,'~  .530.) 

K-  "  'i:it  the  number  25.02  is  a  misprint  in 

■iheJ'  'liat  Siewart's  paper  ascribes  to  him 

»he  v:i!  _  //furf.  /Ihh.. //7.  1RH2,  852.) 
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COBALT. 

The  mtomic  heat  of  cobalt  as  determined  by  Begnaolt  U 
6.27  if  the  atomic  weight  is  aasomed  at  5&8.    {Omdm- 

K  Hothor:  58^(0  =  1S)\  368.65(0  =  100). 

269.2  parts  of  cobalt  oxide  converted  into  neutral  cobalt- 
ons  chloride  and  precipitated  with  argentic  nitrate  gave 
1029.9  argentic  chloride,  according  to  Berzdins'  report 
(Poggmd.  AumaL^  8^  1826, 185. )  Berzelins  recalcolatee  this 
analTsis  for  CI  =  221.64  and  Ae  =  1349.66,  and  gets  the 
value  taken.     {Bfrzdius?  UMmtk^  S,  1220.) 

R.  ScmmDER:  60.006  (0  =  16);  375.04  (0  =  100). 

Determined  firom  four  anal  vses  of  the  oxalate.  The  car- 
bon was  determined  as  in  organic  analysis;  the  metal  by 
heating  a  known  weight  of  the  salt  first  in  a  current  of  air, 
then  in  one  of  oxygen,  and  by  reduction  of  the  oxide  in  hydro- 
gen. The  mean  of  the  four  analyses  gave  cobalt  at  30.008, 
with  an  extreme  difference  of'  0.026  for  C  =  6.  The 
oxalate  was  prepared  by  converting  the  chemically  pure 
cobalt  of  commerce  into  roseo-cobaltic  chloride,  from  which 
the  metal  was  again  reduced,  then  dissolved  in  chlorhydric 
acid  and  carbonate  precipitated,  which  was  digested  with 
oxalic  acid.     {Poggend.  ^mio/.,  101, 1857,  398.) 

Marignac  objects  to  this  determination  that  the  oxalate, 
being  insoluble,  mav  very  likely  have  retuned  portions  of 
the  carbonate  whicli  could  not  be  removed  by  washing. 
(BibL  Univ..  Arclu  de^  Scumce^^  (2,)  i,  1858,  372.) 

Schneider  answers  that  be  obtained  nearly  identical  results 
from  lots  prepared  at  different  times,  and  that  he  believes 
that  he  has  convinced  himself  that  the  oxalate  contained  no 
carbonate.     {Pog^fnd.  Annal..  107, 1859,  610.) 

Gibbs,   reporting  Schneider^s  determination,  remarks: 

***  Terv  numerous  and  carefiillv  made  analvses  of  the  ammo- 

•  •  • 

nium-cobalt  bases«  executed  in  my  laboratory,  indicate  89.5 
as  the  true  equivalent  of  cobalt.' '     {SiUimaii^s  Amer.  Jiwni., 

(2,)  25,  1858,  438.) 

C.  Marigxac  :  about  59  (O  =  16). 

Five  experiments  were  made  on  the  decompoflitioftj 
cobalt  sulphate  by  heat.     This  salt  can  be  rerab 
without  decomposition,  and  the  acid  is  completf 
off  by  heat,  but  the  resulting  protoxide  cOQtr 
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■•xc«ee  of  oxygen.    In  or(]er  to  remove  this  excess  it  was 

Binelted  under  a  known  weight  of  an  acid  silicate  of  lead. 

|Tbc  results  for  cobalt  varied  from  29.32  to  29.38.     The  sul- 

pLatc  was  purified  by  recrystailization.     Martenac  also  ex- 

perimentea  on  the  chloride.     The  weight  of  this  salt  varies 

»really  with  the  inoieture  of  the  atmosphere  when  crystal- 

llized,  and   attempts  to  desiccate  it   usually  result   in    the 

tibrmation  of  some  insoluble  compound.     Three  analyses  of 

■chloride  appearing  to  eont^n  one  molecule  of  water,  and 

dried  at  lOO',  performed  by  titration  with  silver  solution, 

eave  cobalt  at  29.42  to  29.51.     Five  experimente  were  made 

pn  tbe  same  way  on  chloride  either  melted  in  acurrentof 

jehloriiic  or  of  chlorhydrio  acid  gas,  or  calcined  with  anirao- 

■oiiim  chloride.     Thene  determinations  gave  from  29.36  to 

^).42.     (Bibl.   Univ.,  Arch.   de.a  Sciences,  (2,)  1,  1858,  374.) 

[Marignac,  in  another  inveetigation  in  the  same  volume, 

^keBAg=108;  CI  =  36.6.] 

J.  Dumas:  59  (0  =  16). 
Determined  by  five  experiments  on  the  titration  of  cobalt 
blonde  with  silver.     The  mean  result  for  cobalt  was  29.542 ; 
■"extreme  difference  0.09;  Ag  =  108;  CI  =  35.5.     The  chlo- 
ride wait  prepared  by  dissolving  pure  cobalt  in  aqua  regia, 
evaporating  in  the  presence  of  excess  of  chlorhydric  acid 
_and  heating  to  redness  in  a  current  of  chlorhydric  acid  gas. 
fXk  two  of  the  determinations  cobalt  from  a  different  lot, 
trhicb  had  been  heated  in  a  vacuum  was  employed.     {Annal. 
"l  Chmit  ei  de  Physique,  (3,)  65,  1859,  148.) 

W.  J.  RnssELL  :  58.74  (O  =  16). 
Determined  by  fifteen  experiments  on  the  reduction  of 
obalt  oxide  in  hydrogen.  The  value  is  the  mean  ;  the  ex- 
reme  difference  is  0.19.  To  obtain  pure  cobalt  oxide 
plaadct's  salt  was  prepared,  puritied  by  recrystailization, 
He.,  rednced  in  hydrogen,  the  metal  dissolved  in  nitric  acid 
md  the  resulting  salt  decomposed  by  heating  in  a  stream 
if  carbon  di-oxide.  {Chem.  Soc.  Jonm.,  (2,)  i,  1863,  57.) 
Scbutiider  considers  that  no  sufficient  precautions  were 
kkeo  to  exclude  air  in  these  experiments,  and  that  higher 
tides  were  formed.    {Poggend.  Annal,  ISO,  1867,  310.) 

E.  VO!t  80MMARCG-i  :  60  (O  =  16). 
I  Determitied  by  seven  experiments  on  the  reduction  of 
nrporeocobaltic  chloride  in  a  current  of  hydrogen.     The 
t -«  >L. rimcnts  i*  29.96-t;  fmir  of  ihera  give  a 
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mean  29.996.  The  extreme  difference  is  0.093.  The  salt 
was  prepared  by  solution  of  the  carbonate  in  chlorhydric 
acid,  addition  of  ammonia  in  excess,  exposure  to  the  air, 
washing  of  the  precipitate  with  acidulated,  then  with  pure 
water  and  drying  at  110^.  A  special  examination  showed 
it  free  from  other  metals.  Sommaruga  took  CI  ss  35.5 ; 
N  =  14.  {Erdmann's  Joum.  fur  Prak.  Chem.,100^  1867, 118 ; 
Sitz.'Bericht  der  k.  k.  Akad.^  1866.) 

C.  Winkler  :  59  (O  =  16). 

This  value  is  derived  from  the  mean  of  five  experiments 
on  the  precipitation  of  gold  from  a  solution  of  neutral 
crystallized  chloride  of  gold  and  sodium.  The  metalUc 
cobalt  employed  was  prepared  by  the  reduction  of  purpureo- 
cobaltic  chloride.    The  latter  was  made  from  oxide,  and  was 

?urified  by  recrystallization.    Gold  was  assumed  at  196. 
*he  mean  of  the  results  was  29.496 ;  extreme  difference, 
0.071.    {Fresenius'  Zeitsckr.fUr  Anal  Chem.,  6, 1867,  22.) 

P.  Wblesky:  58.98  (0  =  16). 

Determined  from  the  analysis  of  cobalti-cyanides,  per- 
formed by  drying  the  salt  at  100^,  and  heating  to  redness, 
first  in  a  current  of  oxygen  then  of  hydrogen.  Four  experi- 
ments with  phenylammonium-cobalti-cyanide  gave  cobait  at 
from  29.38  to  29.59.  Two  experiments  with  ammonium- 
cobalti-cyanide  gave  from  29.46  to  29.55.  Mean,  29.48; 
extreme  difference,  0.21.  A  single  experiment  by  Winkler's 
method  gave  29.42.  {Berlin^  Bericht  der  Giem.  Qes.j  *,  1869, 
692.) 

W.  J.  RussEL :  58.76  (0  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  the 
solution  of  cobalt  in  hydrochloric  acid.  The  value  is  the 
mean  of  2  (or  4  ?)  trials.  The  cobalt  employed  was  that 
reduced  by  Russel  in  his  former  experiments  on  the  same 
atomic  weight.    {Chem.  News^  SOj  1869,  20.) 

R.  H.  Lee  :  59.10  (O  =  16). 

Determined  by  analysis  of  cobalti-cyanide  salts.  Thej 
were  decomposed  in  a  crucible  by  heating  from  above.  Thft 
carbon  separated  was  burned  off*  in  air  and  then  in  o: 
and  the  metallic  oxide  reduced  in  hydrogen.  Six 
ments  on  the  strychnine  salt  gave  a  mean  of  59.01^ 
experiments  on  the  brucine  salt  gave  59.15.    Sir 
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ments,  made  with  especial  care,  on  the  reduction  of  pur- 
pareo-cobaltic  chloride  by  hydrogen  gave  59.09.  (Reported 
by  Gibbs.    BerUn,  BericfU  der  Chem.  Ges.,  ^  1871,  789.) 


COPPER. 


Begnanlt,  Kopp,  and  others  have  determined  the  specific 
heat  of  copper.  It  corresponds  to  an  atomic  heat  of  about 
6  if  the  atomic  weight  is  taken  at  63.3.     ( Gmelin-Krauty  I.  c.) 

R.  Chbnbvix:  F.  H.  Wollaston:  5-^(0  =  16);  400 
(0  =  100.) 

Chenevix  found  20  parts  of  oxygen  equivalent  to  100  parts 
of  copper,  whence  Wollaston  deduces  the  atomic  weight. 
{PkiL  Trans.y  lOJ^,  1814,  21.) 

J.  J.  Bbrzblius  :  6SJS96  (0  =  16) ;  895.6  (0  =  100). 

Determined  by  two  experiments  on  the  reduction  of  cupric 
oxide  with  hydrogen,  which  gave  395.695  and  895.507.  The 
water  was  not  weighed.  {Poggend.  AnnaL,  <9, 1826, 182 ;  and 
Lehrbuchj  5, 1216.) 

Erdmann  and  Marchand  :  68.456   (0  =  16) ;  896.6 
(0  =  100.) 

Determined  by  four  experiments  on  the  reduction  of 
large  quantities  of  cupric  oxide  in  a  current  of  hydrogen. 
The  hydrogen  was  displaced  by  air  after  the  completion  of 
the  reduction.  The  weight  of  the  oxide  and  of  the  copper 
were  reduced  to  vacuum,  but  not  that  of  the  weights  em- 
ployed. To  obtain  pure  cupric  oxide,  pure  vitrol  was  pre- 
pared and  electrolytically  decomposed.  The  copper  thus 
obtained  was  dissolved  in  nitric  acid,  and  the  nitrate  decom- 
posed by  heat.  The  value  is  the  mean ;  the  extreme  differ- 
ence is  0.056  for  0  =  8,  or  0.112  for  O  =  16.  {Erdm.  Joum. 
fur  Prak.  Chem.,  SI,  1844,  389.) 

Berzelius  points  out  that  these  analyses  vary  among  them- 
selves much  more  than  his  own.  He  makes  the  difference 
somewhat  greater  than  it  really  is  by  neglecting  the  reduc- 
tion to  vacuum.     {Ibid.,  87, 1846,  72.) 

Hampe  shows  that  these  analyses,  correctly  calculated, 
give  Cu  =  68.46.  {Zeitsckr.  fiir  JSerg  HUUm-uvdrSal'  Wesen 
m  Pmu.  St.,  ei,  1873,  261.) 

4 
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J.  Dumas  :  63.5  (0  =  16). 

Dumas  says  that  experiments  on  the  reduction  of  caprie 
oxide  and  on  the  sulphidation  of  copper  have  shown  him 
that  the  atomic  weight  of  copper  lies  between  31.5  and  82^ 
near  31.75,  but  that  his  experiments  cannot  be  regarded  as 
decisive.     {Annul,  de  Chimie  et  de  Physique^  (3,)  SS,  1859, 129.) 

MiLLON  and  Commaille:   63.128  (0  =  16);   394.55 
(O  =  100). 

These  (three)  experiments  were  in  most  respects  a  repeti- 
tion of  Erdmann  and  Marehand's.  The  value  is  the  mean; 
the  extreme  difference  is  0.49  for  O  =  100,  or  0.0784  for  0 
=  16.  The  sulphate  was  prepared  free  from  iron  or  zinc 
by  dissolving  copper  in  ammoniacal  sulphate  or  nitrate. 
The  oxide  was  obtained  by  heating  the  nitrate.  (Paris 
Oomptes  Rendus,  56,  1863,  1249;  and  57,  1863, 145.) 

Fresenius  sees  no  reason  for  preferring  this  to  Erdmann 
and  Marehand's  value.  [Fresenius^  Zeitschr.  fur  Anal.  Chem.^ 
S,  1863,  474.) 

W.  Hampe  :  63.3296  (O  =  16). 

In  three  experiments  cupric  oxide  was  reduced  in  a  cur- 
rent of  hydrogen  with  all  possible  precautions.  The  hydro- 
gen was  displaced  by  air  before  weighing,  though  it  was 
shown  by  experiment  that  porous  copper  does  not  condense 
♦  hydrogen.  The  metal  was  heated  till  incipient  melting  was 
ouserved.  The  reduction  and  melting  were  repeated  with- 
out altering  the  weight.  Hampe  attempted  to  control  his 
results  by  reconverting  the  metal  into  oxide,  but  was  unable 
to  effect  complete  oxidation.  The  water  produced  by  the 
reduction  was  found  to  be  perfectly  pure.  The  mean  result 
was  Cu  =  31.6696,  maximum,  31.6729,  minimum,  S1.664& 
The  oxide  was  prepared  from  metallic  copper.  To  obtain 
pure  metallic  copper,  sulphate  free  from  bismuth  was  eleo- 
trolytically  decomposed,  the  finely  divided  metal  well  washed, 
then  melted,  first  in  a  current  of  carbon  di-oxide,  afterwards 
in  hydrogen,  and  then  again  in  carbon  di-oxide.  From  the 
metal,  basic  nitrate  was  formed  and  from  this  sidt,  by  heafe* 
ing  first  in  air  and  then  in  oxygen,  oxide.  In  two^  enMri^;^ 
mcnts  the  atomic  weight  of  copper  was^  ^^^^nmiij^^Jilg'' 
decomposing  cupric  sulphate  by  electrolysis,  aac(-l 
the  metal.  The  residual  fluid  was  evaporated, 
amount  of  copper,  which  had  escaped  decomj 
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recovered  and  determined  as  sulphide.  For  S  =  16.037  and 
0  =  8,  these  experiments  gave  Cu  =  31.6577  and  31.66. 
The  value  taken  is  the  mean  of  the  two  series.  All  weigh- 
ings were  reduced  to  vacuum.  (Zeitschr.  fur  Berg  HiitUn- 
und  SaL-Wesen  im  Preus.  St.^  ^i,  1873,  260.) 


DIDYMIUM. 


W.  P.  Hillebrand  found  the  specific  heat  of  this  metal 
0.04563,  which  corresponds  to  ah  atomic  heat  of  6.60  for 
an  atomic  weight  of  144.78.  [Foggend.  AnnaLj  158^  1876, 78.) 

C.  Marignac  :  I48.8  (0  =  16) ;  930  (0  =  100). 

Determined  by  decomposing  di^ulphate  with  barium  chlo- 
ride. Assuming  the  lower  oxide  as  a  prot-oxide,  he  calcu- 
lated the  atomic  weight  at  620.  As  Marignac  was  not 
confident  of  the  purity  of  his  salt,  and  subsequently  became 
certain  that  the  method  was  untrustworthy,  details  are 
unnecessary.     (Liebig^s  AnnaL^  71^  1849,  313.) 

C.  Marignac  :  143.8I  (O  =  16) ;  898.8  (0  =  100). 

Five  experiments  were  made  on  the  sulphate  by  decom- 
position with  ammonium  oxalate.  The  didymium  oxalate 
was  heated  to  redness,  and  the  resulting  oxide  weighed. 
On  the  assumption  that  the  oxide  was  protoxide,  these 
determinations  gave  a  mean  of  598.2  for  Di,  with  an  ex- 
treme difference  of  2.5.  Three  experiments  were  made  on 
the  chloride,  the  insoluble  oxychloride,  which  is  unavoida- 
ble in  drying  the  salt,  being  separated.  The  chlorine  was 
determined  with  silver,  and  the  Di  as  in  the  previous  experi- 
ments. These  determinations  gave  Di  at  600.2,  with  an 
extreme  difference  of  5.2  for  CI  =  443.2  and  S  =  200.  The 
salts  were  prepared  from  cerite.  The  cerium  was  extracted 
by  treatment  at  first  with  dilute  and  afterwards  with  con- 
centrated nitric  acid.  The  sulphates  of  Di  and  La  were 
separated  by  partial  precipitation  with  oxalic  acid  and  by 
partial  recrystallization.  {Annal.  de  Chimie  ei  de  Phys.^  (3,) 
S8, 1868, 148.) 

B.^Hst|un^d  i^4^  (0  =  16);  890M  (O  =  100). 

'  ^'  nhate  which  had  been  heated  to  a 

^.,  decomposed  with  ammonium 
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oxalate,  the  precipitate  iucinerated  and  the  oxide  weighed* 
The  result  was  Di  =  594.46,  on  the  prot-oxide  hypothena, 
for  8  =  200.  In  one  experiment  the  chloride  was  decom- 
posed with  argentic  nitrate,  oxychloride  bein^  filtered  off 
and  allowed  for,  and  the  argentic  chloride  weiehed.  This 
experiment  gave  Di  =  592.54  for  CI  =-448.2.  For  the  prep- 
aration of  the  salt  see  Lanthanium.  {ErdmanrCs  JounLfUr 
P)'ak.  Chem.,  8S,  1861,  387.) 

II.  ZscHiESCUE  :  About  144  (0  =  16). 

In  five  experiments  the  sulphate  was  exposed  to  a  white 
heat  until  tne  weight  became  constant  and  the  oxide  on 
being  tested  showed  no  traces  of  sulphur.  The  resolts 
varied  from  Di  =  46.585  to  48.08,  probably,  Zschiesche 
thinks,  on  account  of  the  presence  of  La.  S  ??16.  Di  was 
separated  from  La  by  the.partial  precipitation  of  the  nitrates 
with  oxalic  acid,  the  first  portion  falling  being  redissolved, 
and  the  partial  precipitation  repeated  twenty  times.  {Erdr 
mann's  Joum.fUr  Prak.  Chem.,  107 ^  1869,  74. 

G.  Ebk  :  14^.695  (0  =  16). 

The  sulphate  was  decomposed  with  ammoniom  oxalate, 
the  oxalate  incinerated  and  the  oxide  weighed.  The  sul- 
phuric acid  was  also  precipitated  as  barium  salt,  and 
weisrhed.  Three  experiments  gave  a  mean  of  Di  ^  95.13, 
on  the  prot-oxide  hypothesis,  with  an  extreme  difference  of 
0.7S.  The  Di  salt  was  found  to  contain  yttrium  which  was 
removed  by  repeated  fractional  precipitation  with  sodium 
sulphate.  This  re-agent  precipitates  a  double  salt  of  Di  and 
scKlium.  The  puritioation  was  continued  until  the  atomic 
weight  became  constant.  {Kopp'sjahresbericht^  1870,  819, 
Jc^/uVa'Ac'  ZeitSyrhr^/ur  J/rt/.  imJ  Sat.^  ^,299.) 

Casselmanu  thinks  that  the  salt  may  still  have  retained 
yttrium,  and  Fr^^senius  objects  to  the  barium  sulphate 
vlotornuuation    on    the    well-known   grounds.     (JWaoinu* 

l>.  MK^i>Ki.KjKyp:  UxS  .0  =  16». 
Krvnu   the  ana!v\<Y  Ivtwovn   Pi  and  cerium  and  other 
eVuiouts.  and  frvnu  iKo  taot  that  it  forms  two  ondaa.  Men* 

vu*U;iotf  tvliovcfl^  tJiai  its  K^wcr  oxide  is 
i:s  Atouiio  woi^ht   1:>S.      Moiulelejeff  poinla 
ert\*r  is  tv^  W  aj*jnvlvoiuU\i  in  tho  revvived 
wo:  triAC  we  ha\o  uv»  i^u^ruitt^v  v^f  ihv*  pun^ 
exwpc   rvcrv*ia!Ii4auvn»,      ^  l.tcdn/\<  AxftdL  S 
1*>.^ 
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P.  T.  Clbvb  :  147.01  (0  =  16). 

Determined  by  the  conversion  of  didjmiam  oxide  into  sul- 
phate. The  number  is  the  mean  of  six  experiments ;  ex- 
treme difference  0.68.  The  Di  was  separated  from  lantha- 
ninm  by  repeated  precipitations  of  basic  nitrate  from  nitric 
acid  Bofuliony  conversion  into  formate  and  decomposition  of 
this  salt  by  heat.  (Kopp's  Jahresberichtj  1874,  259.  BuUe- 
tin  Soe.  Chmique,  (2,)  £1^  246.) 

W.  F.  HmiEBRAND:  144.78  (O  =  16). 

Determined  by  one  experiment  on  the  conversion  of 
metallic  Di  into  nitrate,  and  then,  by  heat,  into  oxide.  The 
impurities  were  determined.  The  metal  was  reduced  elec- 
trolytically  from  the  chloride.  {Poggend.  Annal.^  168^  1876, 
78.) 


ERBIUM. 


The  physical  and  chemical  analogies  of  the  salts  of  this 
element  have  led  Mendelejeff  [Liebig^s  AnndLj  Suppl.  8j  1871, 
196,)  and  P.  T.  Cleve  {Kopp's  Jahresbericht,  1874,  260;  Bui- 
Utin  Soe.  Chindguey  f2,)  H^  844,)  to  regard  it  as  triatomic, 
and  its  atomic  weignt  as  about  170. 

M.  Delapontaine  :  IIS.04,  (O  =  16). 

M.  Delafontaine  investigated  ^dolinite  by  Mosander's 
method,  and  obtained  besides  yttrium,  two  substances  which 
he  regarded  as  erbium  and  terbium.  From  the  sulphates, 
in  which  he  supposed  the  metals  to  exist  as  protoxides,  he 
determined  erbium  at  496  and  terbium  at  471  for  0  =  100. 
Popp  {Uebifs  ArmaUriy  131^  189,)  and  Bunsen  and  Bahr 
(J6ia,  1S7^  1,)  have  shown  that  Mosander's  method  gives 
only  mixtures.  Delafontaine's  terbium  is  thought  to  nave 
been  chiefly  the  erbium  of  other  chemists.  {Limg's  Anrud.y 
1S4, 1868, 108.) 

Bahb  and  Bunsen  :  168.9  (O  =  16). 

A  knowo  weight  of  erbium  oxide  was  treated  with  a  very 
ailigbti^  irjroiiiiyD  quantity  of  sulphuric  acid ;  the  solution 

the  excess  of  acid  driven  off  at  as  low  a 

MBsible.     The  increase  of  weight  indicates 

The  oxide  was  prepared  from  gadoli- 


t'-  ^»'i«jri* 


»»ii?«>,  S-^-*  *'r*'^rt    .:ir,-.    l-.r^ITi**.  *n*i    ^whrm    ■waTytTg 

*  _  _  _ 

I',  T,  Ci,»:vi:  an/l  O,  M,  TIoeglcsd:  77^-5.5  (O  =  16). 

(;nf^?rrriiri<!/J  from  four  «yrithe»e3  of  the  sulphate,  giTine 
I  Iti/t  Off  iUt%  ilUiUtffiifi  hyifOthf^HiH.  The  oxide  was  purified 
hy  liMUinpr  fJiff  uhrtiU'M^  i;tc,,  according  to  Berlin.  (Ston- 
/i/r</m/  In  IM'mJirr.  ///r  C7<m.  6?^^.,  1873, 1467;  JJiifl.  Soc. 
ilhUnhiiif,  IH7«,  IWJ  and  289.) 


KI.IIORINE. 


huniHH  luul  l*oll^(tt  uml  otliorn  huvo  determined  the  vapor- 
itoitnii  V  »»r  II  imnilior  i»r  tliioriiio  compounds.  They  corres- 
|ttihil  to  iMt  iilomlo  woii;^lit  of  about  19.     {L.  Meyer^  L  c.) 

WA\^\\\\\\\\^\\  h\  (luM'\«uvoiviou  of  Dorhyshire 8par  into  8ul- 
Y\\s\W  100  Y\\\\^  of  nywv  civo  a  maximum  of  175.2  parts 
.*^lo»o  n^liOu^h*      (US  -  :^:;  Ta  -:=  40:  the  \-alue  follows.! 
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P.  LouYKT  :  19  (0  =  16). 

Determined  by  six  experiments  on  the  conversion  of  fluor- 
spar into  calcic  sulphate.  The  mean  result  was  100  parts 
spar  equal  174.36  sulphate,  with  an  extreme  difference  of 
0.8.  Spar  from  Derbyshire  was  pulverized,  digested  with 
chlorhydric  acid,  and  the  foreign  matter  removed  by  lutra- 
tion  in  water.  It  was  completely  dissolved  in  sulphuric  acid, 
the  excess  of  which  was  driven  off  by  heat  continued 
till  a  constant  weight  was  obtained.  S  =  200 ;  Ca  =  250. 
{ErdmanrCs  Joum.jiiT  Prak.  Chem.^4.7^  1849, 104 ;  Annal.  de 
Chim.  et  de  Fhys.,  (3,)  S6y  1849,  291.) 

E.  Fbbmt. 

This  chemist  says  that  his  analyses  essentially  confirm 
Berzelius'  determination.  {Annal.  de  Cfdmie  et  de  Phys.^  (3,) 
47,  1856,  27.) 

J.  Dumas  :  19  (O  =  16). 

Determined  by  the  conversion  of  fluorides  into  sulphates. 
A  single  experiment  on  the  conversion  of  calcic  fluoride 
gave  18.96 ;  two  experiments  on  sodic  fluoride,  19.06  ;  and 
two  on  potassic  fluoride,  18.99.  The  mean  is  19.01;  ex- 
treme difference,  0.12.  Ca  ==  20  ;  Na  =  23 ;  K  =  39 ;  S  = 
16.  The  alkaline  salts  were  well  crystallized  and  were  fused 
before  use.     {Annal.  de  Chim.  et  de  Phys.^  (3,)  55,  170.) 

8.  DB  Lucca  :  18.96  (0  =  16). 

Determined  by  four  experiments  on  the  conversion  of  a 
pure  spar  f];pm  Gerfalco  into  sulphate.  The  extreme  differ- 
ence was  0.15.  The  decomposition  was  very  difficult.  The 
Ices  on  ignition  and  the  residue  left  on  evaporation  of  the 
acid  emmoyed  were  taken  into  consideration.  [S  apparently 
=  16;  Ca  =  20.]    [Paris  Qmptes  Bendus,  51,  I860,  299.) 


GALLIUM. 


Berthelot  has  determined  the  specific  heat  of  gallium  at 
<l.^ll9a.AaPMaiK)ndinff  to  an  atomic  heat  of  5.52,  if  the  atomic 

\    {Paris  Comptes  Bend.,  86,  1878,  786.) 


//  *^.ymAh  "f^  4er^?al  br>EsSi&s.  lad  sercnl  ankydzoiis  iodides 
^A  ffM.liiU^  'BLk  LJA  iisxjtr^Ll^sd  ise  aKMnie  weight  of  gal- 
ilnusf  ztA  Ua^tA  ;t  %.^.  SL-^as.  o€  tvo  exptfimentB.)  "  (Am 


GOLD. 

t}u\ouff  and  Petit  and  Begnaalt  have  determined  the 
HUif^ittin  h^at  of  gold.  It  corresponds  to  an  atomic  weight  of 
al;oiii  tif)0.    (OmfMnrKrautj  I.  c.) 


J,  J,  IJkezblius:  1964  (0  =  16). 

l)iit^irrfiitM;d  hy  the  amount  of  mercary  necessary  to  pre- 
l)fit.iit4Y  a  known  weight  of  gold  from  solution  of  chloride. 
II  iiwrt'Mry  wore  found  equivalent  to  93.65  gold.     [If 
llg  —  m),  UiiM  givoB  Au  =  196.397.]    {Poggend.  Annal.y  8, 
IMlid,  I7H.) 


f'Inil 


T.  TnoMHON  :  200  (0  =  16). 

ThlM  vivliio  1m  (lorivod  from  a  somewhat  inaccurate  experi* 
nti'ui  nw  tho  nuluotion  of  auric  chloride  hy  ferrous  sulphate* 
(Nilhik  Ihiiis.  Hoi/.  Soc,  11,  1831,  26.) 

.1.  J.  llMur.KUUH:  196.73  (0  =  16). 

l>o(orM)lno(l  \\y  llvo  oNnorimonta  on  the  relathre  amount 
ol  ^\\\\\  \\\\\\  (^r  uotaMKio  ohlorido  in  tlie  residue  obtained  by 
hiMUih^  tho  (lintttio  ohlorido  of  the  two  metals  in  an  atmos- 
\\\\\\\\^  \\{  hylis^j^MU  [Ortloulatod  for  KCl  =  74.394,  (Stas,) 
Ihoiio  ovpoilnuMtln  ^ivo  a  maximum  of  196.79,  minimum  of 
Um  \V\  %s\\\\  w  \\\\H\\\  \\i  VX\.V11.  The  atomic  weight  derived 
Oo»u  «ho  \\vm\  ovporhuout  i*  misprinted  in  the  Lehrbnch,  aa 
U  \\w  iuxMM\  \\\  tho  Jrthi\>*Wriohul    iBerzciius'  JakrtAeriehl^ 

\   \  v\NV\     :;V  ,V  vv^  —  ltN\ 


Omu  Mm  do^sM\\\svi^s\  \«  Kv'uv^^^^ttMn  l^a« 
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precipitated  as  barium  salt,  and  the  atomic  weight  cal- 

colatetl  by  compariaon  of  the  go!d  employed  and  the  oariuni 
eulphftte  obtaiacd.  1000  gold  gave  1782  sulphate.  [If  the 
atomic  weight  of  8  =  32.0742,  and  that  of  Ba  =  137.08,  the 
above  value  follows.]  {Annal.  de  Chimie  et  de  Phys.,  (3,)  30, 
1850,  355.) 


HYDROGEN. 


Tbc  density  of  hydrogen  as  determined  by  a  great  nura- 
lerof  investigators,  especially  Regnaiilt,  is  about  •^  of  tliat 
if  oxygen.     If  oxygen  is  16,  the  atomic  weight  of  hydrogen 

I  consequently  about  1. 

The  atomic  weights  of  the  elements  are  compared  either 
?ith  that  of  oxygen  or  with  that  of  hydrogen.  The  main 
tlvantnge  of  assuming  hydrogen  as  unity  is  the  simplicity 
f  the  approximate  values  oxpreBsed  in  terms  of  the  atomic 
eight  ot  this  element.  The  hypothesis  of  Front  has  also 
nd  tnuch  influence  in  giving  currency  to  this  unit.  The 
idvantuges  of  oxygen  as  a  standard  of  comparison  consist 

II  the  lact  that  it  combines  with  all  the  elements,  except 
Inorine,  and  in  the  superior  accuracy  of  the  determination 
it'  its  ftpecitic  gravity.  The  percentage  variation  between 
{egnault'a  determinations  of  the  specific  gravity  of  hydrogen 
ras  thirty-six  times  as  great  as  occurreu  in  his  experiments 
in  oxygen,  Dnneceseary  complication  in  the  approximate 
nloefi  of  the  atomic  weights  is  as  well  avoided  by  assuming 
ocygcn  at  16  as  by  taking  hydrogen  at  1. 

TtiGBO  reasons  for  the  adoption  of  the  atomic  weight  of 
*ygca  us  a  standard  of  comparison  appear  to  me  conclu- 
ivc,  and  accordingly  all  %'alues  in  this  paper  have  been  re- 
lac«d  to  0  =  13. 

F.  H.  Wollaston:  1.06  (0  =  16);  6.64(0  =  100). 
Gay-Luseac  and  Humboldt  having  shown  that  two  vol- 
linc*  of  hydrogen  and  one  of  oxygen  form  water,  and  Biot 
i&d  Arago  having  determined  the  specific  gravity  of  these 
»Be8,  WoUaslon  calculated  the  above  atomic  weight.  (Phit. 
rrana.,  JO^,  1814,  20.) 

Berzrlids  and  Ddlonq:  0.9984-  (0  =  16);  6.24  (0 

=  100). 

Detertniuod  by  threw  experiments  on  the  reduction  of 
eoprinoxiilq  by  hydrogen.     The  hydrogen  was  made  from 
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pure  materials,  and  passed  through  a  solution  of  litharge 
in  potash,  and  over  a  coarse  powder  of  caustic  potash 
before  use.  The  resultant  water  was  caught  in  calcic  chlo- 
ride and  weighed.  The  determination  was  also  confirmed 
by  experiments  on  the  specific  gravity  of  oxygen  and 
hydrogen.  The  minimum  result  for  hydrogen  was  0.9934, 
the  maximum  1.0086.  {TTioTnson's  Annals  of  Phil.,  S,  1821, 
48.) 

T.  Thomson  :  i  (0  =  16) ;  6.25  (0  =100). 

Thomson  found  the  Sp.  Gr.  of  H  =  0.0694.  Taking  that 
of  O  as  1.1111  on  theoretical  grounds  (the  supposed  com- 
pound nature  of  air,  etc.,)  he  calculates  the  above  value. 
(Ih'dmann's  Joum.  fur  Prak.  Chem.^  <9,  1836,  374 ;  Hecords 
of  Om.  Sci.y  R.  D.  Thomson,  1886, 179.) 

J.  Dumas  :  1.001^  (0  =  16) ;  6.2575  (O  =  100). 

Determined  by  nineteen  experiments  on  the  reduction  of 
cupric  oxide  with  pure  hydrogen.  The  gas  was  made  from 
pure  materials  and  was  passed  through  solutions  of  plumbic 
nitrate  and  argentic  sulphate,  and  over  potash,  and  dried 
with  cold  sulpnuric  acid  or  with  phosphoric  acid.  The 
weighings  of  the  oxide  and  of  the  reduced  copper  were, 
made  in  vacuo.  [Dumas  correctea  the  results  obtained  for 
the  air  contained  in  the  sulphuric  acid,  but  does  not  ex- 
plain how  ho  estimated  it,  while  certain  other  possible  cor- 
rections are  not  mentioned.]  The  mean  of  the  corrected 
results  is  12.515.  The  extreme  difterence  is  0.09  for  O  = 
•100.  Without  the  correction  for  absorbed  air  the  mean  is 
12.588,  [or  1.00264];  maximum  12.583;  minimum  12.481. 
{I\iris  Comptes  Rend.,  U,  1842,  537.) 

KunMANN  and  Marchand:   1.0016  (0  =  16);   6.26 
(O  «  100). 

Dotorininod  by  oight  experiments  on  the  reduction  of 
ouprio  oxido  with  hydrogen,  the  number  is  the  mean  of  the 
n^nultn.  In  tour  of  the  experiments  the  correction  for 
vnouum  wan  oiilouliitod.  Those  ^ave  H  =  12.548;  extreme 
dllVvronoo,  0»0rt7.  In  four  experiments  the  weighings  wet« 
nmdo  i>i  fv><'Mf).  ThcMO  giivo  a  moan  of  12.492,  with  an  ox:* 
troino  dirtoronoo  of  0,01ft,  The  oxido  employed  was 
c\>ppor  nottlo  or  whu  jmnUiood  from  cupric  nitiafea* 
l\,vdn^g\'n  wi^M  tuiulo  \h\n\  puro  zxwc  and  sulphnm 
wa«  puritlod  with  pt\lii4ih  in  nolution  and  iQlQWM 
chlorido^  milphurio  noid,  nnd  ohiorido  of  oal 
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last  five  experiments  the  gas  was  also  passed  over  red-hot 
copper  to  remove  traces  of  oxygen.)  (Erdmann's  Joum. 
fur  Prak.  Chem.,  £6, 1842,  461.) 

J.  S.  Stas  :  1.0025  (0  =  16). 

From  all  the  investigations  that  have  been  made  on  the 
specific  gravitv  of  the  gases,  the  composition  of  water,  etc., 
Stas  is  inclined  to  believe  that  the  atomic  weight  of  hydrogen 
cannot  be  less  than  above.  Stas  found  that  100  silver  were 
equivalent  to  49.5978  ammonium  chloride.  [If  N  =  14.044, 
and  01  =  85.457,  this  relation  would  give  H  =  1.0074.] 
{Stas^  Untersuch,  iiber.  Chem,  Prop.^  Leipzig^  1867.) 

J.  Thomsen  :  L00£6  (O  =  16). 

Thomsen  made  three  experiments  on  the  oxidation  of  a 
known  volume  of  hydrogen  by  cupric  oxide,  and  five  ex- 
periments on  the  combustion  of  a  known  volume  of  hydro- 
gen in  oxygen,  which  proved  that  2  litres  of  hydrogen  gave 
1.6082  grammes  of  water  under  normal  conditions,  and  at , 
latitude  45°.  According  to  Regnault,  1  litre  of  oxygen  and 
2  litres  of  hydrogen  would  weigh  1.6084  grammes.  Hence 
1  volume  oxygen  and  2  volumes  hydrogen  form  water;  and 
if  H  =  1,  O  =  15.96,  [or  if  O  =  16,  H  =  1.0025.]  {BerUn, 
Ber.  der  Chem.  Ges.^  S,  1870,  928.) 


INDIUM. 


Bunsen  found  the  specific  heat  of  In  0.565  and  0.574, 
which  correspond  to  an  atomic  weight  of  about  114.  {Pog- 
gmd.  AnnaLy  14,1^  28.) 

F.  Reich  and  T.  Richter  :  111.S9  (O  =  16). 

In  one  experiment  pure  indium  was  dissolved  in  nitric 
acid,  the  oxide  precipitated  with  ammonia  and  weighed. 
This  experiment  ^ave  In  =  468.4  for  0  =  100,  and  on  the 
supposition  that  the  metal  was  di-atomic.  In  a  second  ex- 
periment indium  sulphide  was  dissolved  in  nitric  acid,  and 
the  resalting  sulphuric  acid  precipitated  with  barium  chlo- 
»iA»  This  cave  In  =  464.9.  The  number  taken  is  the  mean. 
^e  metal  was  prepared  from  the  oxide.  After 
4  lead,  etc.,  with  hydrogen  sulphide,  the  oxides 
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fA  Ir^/Tk  i^A  '.rAl^rrL  v^vt  pr&^pctased  with  ammoaia,  the 
pfts/^pifMh  dl4«ol7e>i  in  aceuc  act<i  and  impure  indiam  811I- 
vh'Ah  f^r^rlpiuted.  Tbis  ofi^ntioa  wis  repeated,  and  the 
fairt  trac^  of  iron  were  removed  by  partial  precipitation 
with  arrimonia,    {ErdmohJi'i  Jfj^im^  fir  Prak.  Chtm,^  93, 

a  WixELEa :  i<^.754  (O  =  16 j. 

t}4gthmi\riefl  by  decomposing  the  nitrate  by  heat,  and 
w^i^hing  the  resulting  oxide.  The  mean  resnlt  of  three 
4iXlHinui4iUin  wan  In  =  35.918  for  0  =  8,  and  asaaming 
^\u^  iinivalence  of  the  metal.  Extreme  difference,  0.079. 
M^'tallic  inrlium  wa9  prepared  by  solution  of  the  impure 
Hulphide  in  chlorhydric  acid,  precipitation  of  indium  by 
Imriurn  carbonate,  Bolution  in  sulphuric  acid,  and  precipita- 
lion  tiy  ammonia  of  the  oxide  which  was  reouced  by 
Imlrofforh  [This  indium  seems  to  have  contained  iron.] 
(lirdmatui' H  Journ.fiir  Prak.  Chem.^  94^  1865, 1.) 

(J.  WiNKLBU:  113.439  (0  =  16). 

In  two  oxporlnients  the  double  chloride  of  gold  and  so- 
dhun  wiiN  ducotnposcd  by  pure  indium,  giving  37.73  and 
JI7.HO  for  0  =  8,  and  assuming  univalonce  for  the  metal. 
In  two  oxporiuKMitH  the  nitrate  was  decomposed  by  heat, 
kIvIi^K  Itt  =*  •^7.845  and  87.879.  In  one  experiment  the 
oxido  wim  proripitutod  from  nitric  acid  solution  by  ammonia, 
'riiln  oxporiniont  gave  In  =  37.811.  The  number  taken  is 
(ho  nioun.  Tho  impure  indium  sulphide  was  purified  as  in 
WinklorV  formor  dotorminution  with  barium  carbonate,  but 
thin  iu'\»ooM  roiiuiron  to  ho  ropoatod  several  times.  The  re- 
duothm  of  thooxido  was  portormod  with  sodium,  the  excess 
of  \>hloh  \>aM  ron\ovod  fr\>m  the  rofirulus  bv  cupellation  in 
•oda.     ^Mn/?h,immV  */oMrM,,ruV  1\k\L  \^kan.,'l02, 1867,  282.) 

K   Uvnukn:  ns.:t>  ^O  =  10\ 

lVUM'U\\nod  l\v  oouvortiu^r  motiillio  indium  into  oxide  by 
uuH^un  ^vf  u\nio  **oi\l  *wd  h\\it.  Ho  $ivms  10  r>?ganl  the  ex* 
jvi^nwowf  \Md\  All  \\M\tiriw«t\>rv  v^f  \\"lnklor*s.  The  metal 
\\i^ii  Uu^  iM^mo  which  iK^rusl  u>r  tho  d^erminatioa  of  tlie 
»tssMrto  h^vAtv  Aud  \XA«  \>Arotu«l>r  tv^t^^i  for  all  iDipuiliM* 
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IODINE. 


Dumas  determined  the  specific  eravily  of  iodine  vapor. 
It  answers  to  an  atomic  weight  of  about  127.  {Annal.  de 
Chim.  et  de  Phys.,  SS,  1826,  837.) 

L.  J.  Gay-Lussao  :  1SS.9  (O  =  16). 

100  parts  of  iodine  were  found  equivalent  to  26.225  parts 
of  zinc.  [If  Zn  :=  65,  these  figures  give  the  atomic  weight 
at  128.9.]  {Poggend.  Annals  14,  1828,  559;  Annal.  de 
Chimie,  91, 1814,  5.) 

W.  Pbout  :  126  (0  =  16). 

Prout  found  100  parts  of  iodine  equivalent  to  25.8  parts 
of  zinc.  [If  Zn  =  65,  this  gives  I  =  125.97.]  {Thomson's 
Annals  of  PhU.,  6, 1815,  828.) 

T.  Thomson  :  lU  (O  =  16) ;  775  (0  =  100). 

Thomson  found  20.5  potassic  iodide  =  19.75  zinc  iodide, 
=  20.76  plumbic  nitrate.  [If  K  =  89.1,  and  plumbic  nitrate 
=  881,  the  relation  given  leads  to  an  atomic  weight  of  124.41.] 
Thomson  thinks  that  his  iodine  may  have  been  somewhat 
impure,  as  he  purified  it  only  by  sublimation.  {Thomson's 
System  of  Chem.,  7th  ed.,  i,  1881,  81.) 

J.  Dumas  :  1S6.1S  (0  =  16). 

Dumas  determined  the  density  of  iodine  vapor  at  8.716 
for  air  =  1.  [Referred  to  the  molecular  weight  of  oxygen, 
this  density  gives  the  above  number  for  the  atomic  weight.] 
Dumas  thinks  it  probable  that  it  can  be  more  accurately 
determined  by  analysis.  {Annal.  de  Chim.  et  de  Phys.,  SSy 
1826,  887.) 

J.  J.  Bbrzblius  :  lS6.e6  (0  =  16) ;  789.14  (0  =  100). 

Determined  by  decomposing  a  known  weight  of  argentic 
iodide  in  a  current  of  chlorine,  melting  the  chloride  and 
expelling  free  chlorine  by  atmospheric  air.  The  number  is 
the  mean  of  two  experiments;  difference,  0.01.  Ag  = 
185L607;  CI  =  442.658.  The  iodide  was  nrepared  by  pre- 
€i|dtation  from  a  solution  of  potassic  iodiae  with  argentic 
The  first  portion  of  the  precipitate  was  set  aside 
contaminated  with  chlorine.     (Poggend.  Ann., 
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C.  Marignac  :  126.844  (0  =  16). 

In  five  experiments  a  known  weight  of  silver  was  dissolved 
in  nitric  acid  and  precipitated  by  a  known  amount  of  potas- 
sic  iodide  according  to  Pelouze's  modification  of  Gay-Lussac's 
method.  The  mean  result  was  100  Ag  =  153.74  ISI  in  air ; 
extreme  difference,  0.14.  Stas  has  recalculated  this  result 
for  Ag  =  107.98,  and  K  =  89.137.  The  atomic  weight  so 
found  is,  in  vacuOj  126.847.  In  three  experiments  a  known 
weight  of  silver  was  dissolved  and  precipitated  as  iodide ; 
mean  result,  100  Ag  =  217.511  iodide.  Extreme  difierence, 
0.04.  From  these  data  Stas  gets  I  =  126.84.  The  iodine 
was  purified  by  recrystallization  as  potassic  iodate.  The 
methods  employed  by  previous  experimenters  were  ineffec- 
tual. {Berzelius^  Jahresbericht^  S4i  75 ;  BibL  Univ.  de  Genive^ 
46y  1842,  867;  also,  Stas^  Untersuch.  iiber  Chem.  Prop.^  153.) 

E.  xMillon:  1^6.07  (0  =  16);  787.915  (0  =  100). 

Three  experiments  were  made  on  the  decomposition  of 
potassic  iodate.  The  mean  loss  of  oxygen  was  22.473  per 
cent ;  extreme  difference,  0.08.  If  K  =  488.94,  this  ffives  1  = 
1580.98.  In  three  experiments  argentic  iodate,  which  had 
been  dried  for  a  long  time  at  200°,  was  employed,  which  lost 
17.0467  per  cent,  oxygen;  extreme  difference,  0.03.  If  Ag 
=  1849.01,  these  data  give  1  =  1570.73.  [Berzelius  cites 
this  as  an  atomic  weight  determination ;  Millon,  however, 
seems  to  have  regarded  it  only  as  a  confirmation  of  Ber- 
zelius* number.]  Millon  prepared  pure  iodine  by  passing^  a 
current  of  chlorine  through  a  solution  of  KI  till  the  precipi- 
tated I  was  redissolved,  and  reprecipitating  with  an  excess 
of  KI.     {Anml.  de  Chim.  ct  de  Phys.,  (8,)  9,  1843,  407.) 

V.  A.  Jacquelin:  125.6  (0  =  16);  785  (0  =  100). 

DolormiiuMl  by  the  analysis  of  iodic  acid  with  silver. 
Tho  acid  was  prepared  by  the  oxidation  of  iodine  with 
nitric  arid  of  Hp.  gr.  1.5.  The  purity  of  the  preparation 
dooH  not  Hooin  to  liavc  been  tested.  Ag  =  1851.  f JSW/- 
in(nm\Hjourn,  far  Prak.  CVir/w.,  5^,1850,458;  AnruiLdeChinL 
ct  de  rin/s.,  (a,)  .W,  1850,  832.) 

.1.  Dumah:   127  (0=16). 

DotttrmihiMl   by  tlio  ooiivorsion  of  argentio  i 
obloridi^  in  a  ourront  of  dry  chlorine.     Two  es 
tfavo  WITM  and  127.01  for  A^  =  108;  Q  b  86  ^ 
nn-Knutt*M  lltnuthu^h  tbono  cmta  are  reoalddtt 
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107.98  and  CI  =  85.457,  giving  1  =  126.941  and  126.928. 
The  areentic  iodide  used  was  prepared  from  zinc  iodide 
which  nad  been  prepared  from  iodine  in  large  crystals. 
The  argentic  iodide  was  fused.  (AmuU.  de  Chim.  et  de 
Phfs.,  (8,)  66y  1869, 168.) 

J.  8.  Stas  :  126.851. 

Stas  ascertained  the  molecular  weight  of  argentic  iodide 
as  follows : 

In  two  complete  analyses,  a  known  weight  of  argentic 
iodate  was  decomposed  by  heat  in  a  current  of  pure,  dry 
nitrogen.  The  oxygen  set  free  was  caught  by  hot  copper 
and  weighed,  as  well  as  the  residual  argentic  iodide.  In 
one  experiment  argentic  iodate  was  dissolved  in  ammonia, 
precipitated  by  sulphuric  acid,  (to  secure  advantageous  divi- 
sion  of  the  salt,^  and  reduced  while  in  suspension  by  a  slow 
current  of  sulpnurous  acid.  The  mean  molecular  weight 
reached  was  234.779;  extreme  difference,  0.068.  The  sam- 
ples of  iodate  employed  were  prepared  :  (1.)  From  argentic 
sulphate  and  potassic  iodate,  mixed  boiling,  the  latter  in 
excess,  thorough  washing  and  drying  in  air  freed  from 
organic  particles;  (2.)  By  the  reaction  of  potassic  iodate  on 
argentic  hyposulphite.  The  purity  of  the  salt  was  carefully 
tested. 

Stas  ascertained  the  composition  of  argentic  iodide  as 
follows : 

(1.)  A  known  weight  of  argentic  nitrate  was  precipitated 
by  hydro-iodic  acid  and  the  argentic  iodide  washed,  dried, 
and  weighed  in  the  same  vessel.  (2.)  A  known  weight  of 
Ag  was  dissolved  in  nitric  acid,  converted  into  sulphate, 
dissolved  in  very  dilute  sulphuric  acid,  and  precipitated  with 
hydro-iodic  acid.  The  precipitate  was  washed  at  tempera- 
tures increasing  up  to  90°.  (3.)  A  known  weight  of  argen- 
tic sulphate  was  allowed  to  react  on  a  known  and  nearly 
equivalent  weight  of  iodine  in  an  aqueous  solution  of  sul- 
phurous and  sulphuric  acids  at  10°,  and  in  the  dark,till  all 
the  iodine  was  taken  up.  The  excess  of  iodine  was  titrated 
with  silver  solution,  and  the  iodide  weighed.  This  method 
was  employed  in  two  experiments.  (4)  differed  from  (3) 
nuunly  in  the  conversion  of  the  iodine  into  ammonium^ 
iodide  before  bringing  it  into  contact  with  argentic  sul- 
phate.   Four  experiments  were  made  by  the  last  method. 

The  mean  composition  of  the  iodide,  as  derived  from  all 

>Mte,  18  100  Ag  =  117.5343  iodine.    From  these 

tfttes  the  atomic  weight  of  I  at  126.857,  and 


64  ATOMIC   WEIGHT  DBTERMIHATIOVS. 

that  of  silver  at  107.928.  [The  sum  of  these  weights  is  not 
the  molecular  weight,  and  this,  as  well  as  recalcalation  of 
the  data,  shows  that  the  number  is  a  misprint  for  126.85L 
Stas'  results  are,  therefore,  even  closer  to  Marignac's  tfaAD 
his  memoir  would  indicate.] 

Most  of  the  experiments  were  made  with  iodine  prepared 
by  the  decomposition  of  nitric  iodide  decomposed  in  a  large 
volume  of  water  at  65^.  The  iodine  was  further  purified 
by  distillation  over  barium  oxide  and  by  other  means.  For 
tuo  preparation  of  silver  see  that  metal.  All  possible  pre- 
cautions were  observed  in  the  preparation  of  all  reagents 
and  in  the  conduct  of  the  experiments.  {Stas^  Untersuek. 
Uber  Chem.  Prop.  Leipzig^  1867.) 


IRIDIUM. 


Rognault  determined  the  specific  heat  of  iridium.    It  cor- 
responds  to  an  atomic  weight  of  about  198.    {Omdm-KraiU, 

/.  r!) 

J,  J.  Bbrzblius  :  197.19  (0  =  16). 

Itorzolius  dotormined  this  value  from  analysis  of  potas- 
sium oiUoro-iridiato.    This  salt  reduced  in  hydrogen  lost  29 


K>HH  of  ohloriuo  of  thoso  double  salts  and  from  the  relation 
Wtwoon  tho  n\otul  and  the  potassic  chloride  left  after  reduo- 
tioiu  \\\  his  r.^hrbuch  he  points  out  the  impossibility  of 
o\Mnploto  dosivvntion,  nud  rosorts  exclusively  to  the  li^r 
iuoUuhI  of  o«louhUK>n,  With  respect  to  iridium  he  merely 
ussori:^  x\u\X  ic*  jUomio  woiirht  is  the  same  as  that  of  plati- 
luun.  wiihoui  tliort\  v^r  oWwhoiw  ffiving  data  as  to  the 
:itUxnuUH  of  iridiutn  and  jvta^sio  ohlonde  found  in  the 
r\s^u^^^^  *;ih.  It  i*.  thoroforo.  o|vn  to  question  whether  he 
As^unusi  tho  idontitv  f«\Mn  tho  U>ss  v>n  neduction  or  not.  (It 
n  U.  And  if  KOl  :  T4.MM*  tho  value  follows:  ftee  plati- 
r;;uv'^  vVu\u\m  nnd  iridiuwi  woro  ^oparated  by  fiisien  with 
;v;;:\\  sto>,;t*,o«,  And  d^istiSlAtuMu  Tho  rt>*:due  was  fnaed  with 
;x^^!Wat:v'  oVtorUlo  jind  ^nsJ;;::^  0ArK>r.*to,  On  scdotUMi  tiltt 
;rv,;;;'u  rw,*,A^  v,*  \vhu\d  Vhi#  ro^^vV,:o  w^ 
a:^vI  rwiiUVxJ  to  ar,\v  xVtV  NV<r,v,u:v.  v\>rajv^«wdi. 
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C.  E.  Clads  :  W.  M.  Watts  :  197.C  (0  =  16). 
Wfltta  recalculated  two  analyses  of  potassium  chloro- 
iridiate  by  Claua  from  the  loss  in  reduction,  and  for  CI  ^ 
35.457,  (Staa.)  From  one  analysis  he  finds  K  =  39.87,  and 
It  =  198.56;  from  the  other  K  =  39.93,  and  Ii=  196.62. 
(Chem.  News,  19, 1869,  802.) 


I 


Regnault,  Kopp  and  othera  ba7e  determined  the  specific 
beat  of  this  metal.  It  corresponds  to  an  atomic  weight  of 
about  56.     {Gmelin-Kraut,  I.  e.) 

L.  J.  Thenard  :  F.  H.  Wollabton  :  S5£  (O  =  16) ; 
345  (O  =  100). 
Thenard  determined  the  composition  of  the  oxide  at  22,5 
O  and   77.5  Fo,  whence  Wollaston   calculates   the  value. 
{Phil.  Trans.,  J04,  1814,  21.) 

J.  J.  Berzelius  :  64.37  (0  =  16) ;  339.213  (0  = 
100). 
Determined  by  repeated  experiments  on  the  oxidation  of 
iron,  such  as  is  used  for  piano  wire,  with  nitric  acid.  The 
carbon  was  determined  and  allowed  for.  Berzelius  in  bis 
Jjekrbuch  shows  that  the  error  in  this  determination  lay  in 
the  unsuspected  presence  of  soluble  silica  and  on  reiinalysis 
he  fonnd  enough  of  it  to  correct  the  number  when  taken 
into  account.     {Poggend.  Ann.,  8,  1826,  185.) 

G.  Maqnos:  64..S5  (0  =  16) ;  SS9.06  (O  =  100). 
Magnus'  experiments  were  made  by  reducing  ferric  oxide 
in  a  current  of  hydrogen  at  about  the  temperature  of  boil- 
ing mercury.     ITe  regarded  them  simply  as  comfirmatory 
of  Berzelius'  number.     (Poggend.  Ann.,  3,  1825,  84.) 

P.  Strombter:  65.6  {0  =  16). 
Determined  hy  reducing  ferric  oxide  at  a  red  heat  by 
hydrogen.  The  oxide  is  reduced  only  with  great  difficulty 
at  a  lower  temperature.  The  mean  of  the  cxperimenta 
gave  the  oxygen  contents  at  30.16  per  cent.,  [whence  I  have 
calculated  the  value.]     {Poggend.  Ann.,  6, 1826,  475.) 


H.  CA?vtJtmi  SIJS   0  =  I«;j;  321  (0  =  100). 

rMMrmined  h;  di«;  peraxfiiaciaa  o(f  galTanicallj  reduced 
^r/t^  aiui  l>7  TCies»nnn^  die  hydrogea  evolTed  on  tm  scdntioQ 
6f  ;r6n  in  iialphtiTie  aeid.    T^Ijdvj^.  (At  CXsn.  et  de  P^.,  (8,) 

II.  Wxcusftoivnt :  SS48  (O  =  16). 

W^k^k^ir/:id«r  helped  Stromejer  in  his  rednctioQ  of  ferric 
/yxi/)^«  ^/f  which  he  givea  the  details.  He  also  describes  five 
pfXff^m^^U  hi  hU  CKwn,  which  gave  the  oxygen  contents  of 
tntnc,  oxulh  St  from  30.01  to  30.38.  He  took  no  precaations 
Uf  pnrify  his  hydrogen  and  thinks  that  the  loss  of  oxygen 
tuny  hsvff  l^een  appsrentiv  reduced.  [80.195  oxygen  cor- 
r^niffrndn  Uf  the  above  valae  for  Fe.]  {Berzdmsr  Jdhresbe- 
rMi,  P4,  1844, 121 ;  Archw.  dtr  Pharm.,  S6, 1844,  22.) 

HvAiiBRRO  AND  NoBLiH :  66.97   (0  =  16);   849.800 
(O  B  100). 

In  Hnvoti  oxperimontB  a  known  weight  of  iron  was  dis- 
ficvlvnd  III  tiitrio  acid  and  the  salt  decomposed  by  heat  The 
opnriitlfitt  wiM  pf^rformed  in  a  glass  flask.  The  mean  re- 
Mtill.  in  vnmo^  was  849.104;  extreme  difference,  0.808.  In 
Niwntt  PXporitnotitM  furrio  oxide  was  reduced  with  purified 
liyilmgott.  Tho  numn  was  Fe  =  350.514;  extreme  differ- 
i»ii(H%  O.THri,  Tho  nutnbor  taken  is  the  mean  of  all  the  ex- 
piM'hnontM,  Ml  fffofio.  liorzelius  in  his  Lehrbuch  cites  the 
M)(porhnontii  iuul«  by  noglocting  the  reduction  to  vacuum, 

SoiM  11  nllKhtlv  diiroront  number.    He  also  expresses  apre- 
Mvno0  (or  tho  cxporintonts  bv  reduction.    {JaerzeUus^  jak- 
HjiMiVA/.  &t,  1S44«  121 :  and  Poggcnd.  Ann.,  6S,  1844,  270.) 

.I.»l.  UKW^Ki.trs:  ,W.()I5  ^0  =  16);  850.32  (0  =  100). 

tl«M'ri»l(UM«  iiH  w  oluvk  on  tho  last  determination,  made  two 
i^\j\ovh\uMHn  on  {\w  oxidation  of  irx>u  bv  nitric  acid  with 
n^Norwi)  (Nt>vAution«t  H^it\st  partial  roduotlon.  The  number 
\^  ibo  ^uoi^n  ,  ^bf\v^>Muv,  O.lOl,  Tho  iron  was  melted  down 
wnh  ^Um  «^n«\  t^^i\|ir)>otio  o\ido.  In  his  IxJbriiidb  he  adopts 
1^0  >nort^^  o<  ib^^^o  oxjsM-iuwnt*  w^.d  $T*nberjr  and  Xoriin's 


IvVsTm^rn  mi^i  M^»vN^>m  /k'^^^  ^\chT  e: 
r^iNMN"*^  ^"^^  ff^tm.  x'^xn)^'^  ii^  A  ^-wy^ria?^  pari 
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hytlro^D.  The  weighings  of  the  metal  were  made  in 
vacuo  to  avoid  poeeible  reoxidation  ia  diBplacing  the  gas  by 
air.  The  Bumoer  h  the  meau  of  the  experimenta ;  extreme 
difference,  1.4  for  O  ^=  100.  The  ferric  oxide  was  prepared 
by  incineration  of  the  oxalate,  moistening  the  residue  with 
nitric  acid  and  reheating.      {Erdmann's  Joum.  fur  Prak. 

L.  E.  RiTOT :  54.S5  {O  =  16) ;  339.01  (O  =  100). 
Determined  by  two  experiments  on  the  reduction  of  pure 
ferric  oxide  in  a  current  of  hydrogen.     100  parts  of  oxide 
gave  69.31  and  69.85  parts  metallic  iron.     {Annul,  de  Chim. 
It  de  Pht/s.,  (8,)  SO,  1860,  188.) 

E.  Madmbne:  S6.0016  (0  =  16);  350.01  (0  =  100). 
MDumen6  made  six  experiments  by  dissolving  iron  wire 
in  aqua  regia,  precipitating  with  ammonia,  heating  the  pre- 
cipitate to  redness  and  weijjhing.  The  number  ia  tlie  mean ; 
extreme  difference,  0.34.  Maumen6  had  convinced  himself 
by  analysis  of  the  extreme  parity  of  the  wire.  (Erdmann's 
Joum.  fur  Prak.  Chem.,  51,  1850,  850.) 

J.  Dumas  :  56.2  (O  =  16). 
Two  experiments  on  the  precipitation  of  ferric  chloride  by 
argentic  nitrate  ^ve  each  28.1.  A  single  experiment  by 
the  same  method  on  ferrous  chloride  which  was  slightly 
y«)low,  gave  28.1.  An  experiment  made  on  ferrous  chlo- 
ride, which  had  been  heated  in  a  current  of  hydrogen  and 
of  HCI  and  was  colorless,  but  contained  metallic  iron,  gave 
when  the  admixture  was  determined,  27.99.  Dumas  takes 
Ag  =  108 ;  CI  =  35.6.  {Annal  de  Chim.  el  de  Phys.,  (S,)  65, 
1859,  167.) 


LANTHANIUM. 

W.  F.  Hillebrand  has  determined  the  specific  heat  of 
metallic  lanthanium.  It  corresponds  to  an  atomic  heat  of 
6.28,  if  the  atomic  weight  is  tasen  at  139.  {Poggend.  Ann., 
268,  1876,  82.) 

Several  investigations  on  the  atomic  weight  of  lantlianium 
were  made  previous  to  Mosander's  announcement  of  the 
diaoorery  of  didymium,  F.  J.  Otto  found  it  IO8.4I  shortly 
a  discovery,  and  announced  it  in  his  translation  of 
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Oraham's  chemistry.  (GmeUiCs  Handbuch^  6th  ed.,  jf,  46.) 
Choabine,  from  analysis  of  the  chloride  and  of  the  snlphate, 
arrived  at  108.45.  (ISrdmann's  Joitm.  fUr  Prak.  Chem.^  iS^ 
1842,  448.)  Rammelsberg  determined  it  from  the  sulphate, 
which  was  rose-colored,  at  1SS.17.  {Poggend.  Ann.y  66 y  1842, 
66.)  R.Hermann  found  La  =  /^ from  rose-colored  sul- 
phate.    {Erdrmnn's  Jowm.filr  Prak.  Chem.y  SOy  1843, 198.) 

C.  G.  MosANDBB :  lS9.e  (0  =  16) ;  870  (0  =  100). 

Mosander  says  that  his  experiments  show  the  true  value 
to  be  in  the  neighborhood  of  680,  (the  metal  being  assumed 
bivalent,)  but  that  his  salts  were  not  pure,  and  the  determi- 
nation of  little  value.    {Poggend.  Ann.y  60j  1848,  801.) 

0.  Marionao:  ip.lS  (0  =  16);  88S  (0  =  100). 

Eleven  experiments  were  made  on  the  decomposition  of 
the  sulphate  by  barium  chloride.  The  results  vary  greatly. 
Marignao  wrote  later  {Annal.  de  Chim  et  de  Phys.^  (8,)  S8y 
1868,  148)  that  experiment  had  convinced  him  of  the  incor> 
rectncss  of  this  aetermination,  and  that  the  true  value  is 
about  676.    (La  bivalent.)    {lAebifs  Ann.,  71^  1849,  306.) 

M.  IIoLZMANN :  1S9.92  (O  =  16) ;  870.16  (0  =  100). 

tn  throe  experiments  La  sulphate  was  decomposed  by 
anmioniuni  oxalate.  In  the  filtrate  from  the  precipitated 
oxalate  tho  sulphuric  acid  was  determined  as  barium  salt. 
Tho  oxahito  was  decomposed  by  heat,  and  the  lanthanium 
oxido  woitfhod.  These  experiments  gave  a  mean  of  580 ; 
oxInMUo  dH)on'noo«  6.6;  for  bivalent  lanthanium.  In  three 
oxporitnouU  iho  iodat«  was  decomposed  by  oxalic  acid,  the 
oxido  dotonuinod  a^  Inxforo,  and  the  iodine  titrated  by  Bun- 
son  V  n^othod.  Tho^o  oxnoriments  gave  a  mean  of  580:2; 
oxi  iNMuo  dirtvrxMioo.  S.S.  §  =  200 ;  ES  =  855.  In  the  prepa> 
ration  of  tho  wUt^  analyzoil  the  cerium  was  sepjarated  oy 
poi\>xidiition  with  n\a^io»ium  oxide  and  precipitation  as 
i>rtnio  nulphato.  At\or  tho  nMnoval  of  yttrium  bypotaaaicsal- 
phdto^  tho  lanthanium  and  didymium  salts  were  separated, 
t\v  making  a  Mturattnl  i^iMution  of  the  sulphates  at  a  temper* 
atuiv  of  tT\r<(H^  or  txMir  doi(tv<^  and  gradually  ndnng  Aa 
tomi^oratutv*  l#nnthanium  ^It  thon  cirstallises  oot 
putN'^.  Tho  j^urirti>ation  wa*  Tvp^^ated  until  the 
not  di!t\vlonH<  whon  hoat^l  in  an  open  ^racf*^* 
gUj^.Wowo\rV  tan^jv.    t^^u^^n^n  aiKi^i^tM  tit  Air  ^ 
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C.  CzDDNowicz:  140.3  (0  =  16);  876  (0  =  100). 
Czadnowicz  especially  disclaims  making  this  as  an  atomic 
weight  determiDation  and  iie  adopts  Holzmano's  value. 
Th«  Bait  analysed  was  the  sulphate,  and  the  method  the 
same  as  that  employed  by  HolzmanD.  {Erdmann's  Joum. 
fur  Prak.  Chan.,  80,  1860,  31.) 

R.  Hermann  :  139.32  (O  =  16) ;  870.75  (0  =  100). 
Eermaan  analyzed  the  carbonate  by  decomposing  it  over 
mercury  by  sulphuric  acid,  and  measuring  the  carbon  di- 
oxide liberated.  The  residue  was  heateu  to  redness  and 
weighed.  This  experiment  gave  La  =580.4,  the  racial 
being  assumed  as  bivalent.  The  carbonate  was  prepared 
by  precipitating  the  sulphate  with  sodium  bicarbonate.  In 
three  experiments  the  sulphate  was  decomposed  by  ammo- 
nium oxalate  and  the  oxide,  obtained  by  iucinerating  the 
oxalate,  weighed.  These  analyses  gave  La  =  680.7.  In 
one  experiment  the  chloride  was  analysed  with  argentic 
nitrate,  giving  La  =  580.4.  The  number  taken  is  the  mean; 
extreme  difference  2.3.  In  the  preparation  of  the  salts, 
cerium  was  separated  as  basic  sulphate,  La  and  didymiura 
were  partially  separated  by  crystallization  after  which  a  por- 
tion of  the  nearly  pure  sulphate  was  precipitated  by  ammo- 
nia, and  this  precipitate  digested  with  the  mother  liquor. 
Didymiuni  sulphate  is  by  this  means  completely  precipitated. 
S  =  200;  CI  =443.2;  0  =  75.  Hermann  remarks  that 
his  former  determination  was  made  with  impure  material. 
{Erdmann's  Joum.  fur  Prak.  Chem.,  82,  1861,895.) 

H.  ZscHiKSOHE :  135.27  (0  =  16). 
Determined  by  six  experiments  on  the  sulphate.  The 
water  was  driven  off  at  230°,  and  the  anhydrous  salt  ex- 
posed to  a  white  heat  until  the  weight  became  constant,  and 
on  being  tested,  showed  no  sulphur.  The  mean  result  was 
La=:45.09;  extreme  difference,  L15.  In  prepariug  the 
salt  from  cerite,  the  cerium  was  peroxidized  witn  red  lead 
and  nitric  acid  and  was  precipitated  as  basic  nitrate.  The 
didymium  was  separated  by  partial  precipitation  with 
oxsJic  acid  and  concentration,  these  operations  being  re- 

Eeated  as  long  as  the  absorption  lines  of  Di  were  percepti- 
Ifl  in  the  spectroscope.  A  correction  was  made  for  the 
loss  of  weight  of  the  crucible,  aud  there  was  no  dust  upon 
its  aides.  8  =  16,  {liirdmann's  Joum.  fur  Prak.  Ch^m., 
104,  1868,  174;  107, 1869,  72.) 
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C.  Erk  :  1S5.S9  (O  =  16). 

Determined  by  analysis  of  the  salphate  by  the  method 
employed  by  Holzmann.  The  bases  were  separated  by  the 
methods  which  Hermann  used.  Yttrium  was  also  elimi- 
nated. Fresenius  in  his  Zeitschriftj  10^  509,  objects  to  the 
details  of  the  Erk's  manipulation  of  barium  sulphate. 
{Kopp's  Jahresberichij  1870,  319 ;  Jena  Zeitschr.  fur  Med.  und 
Nat,  6,  1870,  299.) 

D.  Mendelejeff  :  180  (O  =  16). 

• 

As  La  forms  but  one  oxide,  the  salts  of  which  are  not, 
according  to  Marignac,  isomorphous  with  those  of  the 
lower  oxide  of  didymium,  Mendelejeff  concludes  that  it 
belongs  to  the  same  group,  but  that  its  oxide  is  a  binoxide, 
and  its  atomic  weight  180.  {Liebifs  Arm.,  Supply  8j  1871, 
190.) 

0.  Marignac  :  1S8.76  (O  =  16). 

By  heating  the  sulphate  till  all  acid  was  expelled,  Marig- 
nac, in  two  experiments,  determined  La  (biyalent)  at  92.62 
and  92.56 ;  by  precipitation  with  ammonia  and  heating  at 
92.24  and  92.48.  The  sulphate  was  purified  by  a  great  num- 
ber of  partial  rccrystallizations,  ana  showed  only  doubtfol 
traces  of  didymium  in  the  spectroscope.  S  =  16.  {AnnaL 
de  Chim.  et  de  Phys.,  (4,)  SO,  1878,  67.) 

P.  T.  CLEys:  189.15  (0  =  16). 

Determined  by  the  conversion  of  lanthanium  oxide  into 
sulphate.  The  number  is  the  mean ;  extreme  difference 
0.55.     The  oxide  was  purified  from  didymium  by  repeated 

Eartial  preci{)itation  from  nitric  acid  solution  with  ammonia, 
usic  didymium  .nitrate  ^oing  down.  The  lanthanium 
was  finally  precipitated  with  oxalic  acid.  The  oxide  was 
found  to  be  spectroscopically  pure  by  Thal6n.  {Kopp's  Jahr 
resbcrichi,  1874,  257 ;  Paris  BuU.  de  la  Soc.  Ghim.^  SI,  196, 
246,  844.) 


LEAD. 


Rognault,  Kopp  and  others  have  determined  the  f* 
heat  of  loud.     It  uuHwors  to  nn  atomic  weight  of  ff 
{Gmdin-Kutut,  L  <\) 
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J.  J.  BERZELiua  and  F.  H.  "Wollastox  :  W7.^  (O  = 
16);  1295(0  =  100). 
B«rzcliu8  found  16.5  parts  carbon  di-oxide  cqnal  to  83.5 
lead  oxide,  whence  the  value,  if  C  =  76.4.  [If  C  =  12, 
these  fibres  give  lead  at  206.67.]  Berzelius  also  determined 
the  conopositioii  of  the  oxide  at  7.15  oxygen  and  92.85  lead, 
giving  Pb  =  S07M  or  1297.     (PM.  Trans.,  104,  1814,  20.) 

J.  J.  Bbrzelics:  S07JS  (0  =  16);  1294.498  (0  = 
100). 

Determined  by  the  reduction  of  a  known  weight  of  oxide 
iof  lead  by  hydrogen  and  the  weight  of  the  resultant  lead  ; 
—jnean  of  four  nearly  coincident  experiments.     {Poggend. 
fAnn.,  8,  1826,  184. 

-  Longchamp  is  credited  in  Borae  books  with  an  atomic 

I  veight  determination  of  lead.     He  made  none,  but  only 

Mieculated  on  the  composition  of  minium,  taking  Berzelius' 

jdetermination  as  a  basis.     lAnnal.  de  Chim.  el  de  Phys.,  34, 

^827,  106.) 

J.  J.  BsBZELiDs:  e07.078  (0  =  16);  2S94..34S  (0  = 
100). 

Thii  value  is  the  mean  of  six  experiments  on  the  rcduc- 
■■tion  of  the  oxide  in  a  current  of  hydrogen.     The  oxide  was 
produced  by  the  decomposition  of  the  nitrate  by  heat.     As 
this  compound  reacts  upon  Pt,  the  crucible  was  lined  out 
with  a  coating  of  a  very  basic  nitrate,  which  prevented  the 
lumps  of  neutral  salt  from  coming  in  contact  with  the  cruci- 
ble.    The  glass  in  which  the  oxide  was  reduced  was  not 
attacked.     [The  third  analysis  is  miscalculated.     It  should 
EBhow  on  atomic  weight  of  1295.595.     The  mean  is,  there- 
T/ore,  w  above,  and  the  extreme  difference  2.421.1  (Poggend. 
'  '-in..  19.  1830,314.) 

J.  J.  BsazEuos:  €07.14  (O  =  16);  1294.645  (0  = 

100). 

Tn"  his  Lehrbuch,  Berzelius  selects  live  analyses  made  by 

t  the  above  method,  three  of  them  the  same.    These  give  the 

■Above  mean,  with  an  extreme  difference  of  0.704  for  0  = 

"      {Lehrl>uch,S,  121Q.) 

E.  TuRNsa:  1S07.3  (O  =  16). 
I   Determined  bv  experiments  on  the  conversion  of  metallic 
lead  and  of  oxioe  of  load   into  the  sulphate  by  solution  in 
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nitric  acid  and  evaporation  with  sulphuric  acid.  Id  three 
experiments,  Turner  found  100  lead  =  146.401  sulphate; 
extreme  difference  0.055.  Berzelins  had  found  100  Pb  = 
146.419  sulphate ;  extreme  di^rence  0.078.  Turner  takes 
the  mean  of  his  own  and  Berzelins'  determinations,  146.41. 
In  one  experiment  Turner  found  100  oxide  =  135.92  sul- 
phate. Combination  of  these  results  gives  Pb  =  103.6  [or 
more  accurately  103.65.]  The  oxide  was  prepared  from 
subnitrate.  The  lead  was  prepared  from  plumbic  acetate 
which  was  converted  into  carbonate,  then  into  nitrate,  in 
which  form  it  was  recrystallized,  then  again  into  carbonate^ 
and  reduced  by  black  flux.  On  testing,  it  was  found  per- 
fectly pure.  Weighings  reduced  to  vacuum.  {PhiL  JVtms.y 
leS,  1888,  524.) 

C.  Mariqnao  :  207.04  (0  =  16). 

Marignac  made  four  experiments  on  plumbic  chloride  by 
Polouze's  modification  of  the  silver  titration  method.  He 
found  Pb  =  108.57-.49-.55-.46.  The  number  taken  is  the 
mean.  The  salt  was  titrated  cold,  argentic  chloride  being 
soluble  in  hot  solutions  of  plumbic  nitrate.  The  plumbic 
chloride  was  purified  by  recrystallization,  and,  after  being 
pulverized,  was  dried  at  about  200^.  According  to  Marig- 
nac there  is  no  difficulty  in  desiccating  it  completely  at  this 
temperature.  Ag  =  108 ;  CI  =  35.5.  Marignac  found  it 
impossible  to  convert  the  chloride  into  the  sulphate  com- 
pletely.   {BM.  Univ.,  Arch,  des  Sciences,  (2,)  i,  1868,  223.) 

J.  Dumas:  207.1(0  =  16). 

From  a  single  experiment  on  the  precipitation  of  the 
chloride  with  argentic  nitrate.  The  chloride  used  was 
hoatod  for  twelve  hours  in  a  current  of  dry  HCl,  and  the 
amount  of  water  retained  determined.    Dumas  found  it  im- 

Sos^iblo  ontirolv  to  desiccate  the  salt  without  decomposition^ 
rving  at  250"^  Jloos  not  desiccate  it.     CI  =  35.5 ;  Ag  =  108. 
{Annai  dc  Chinu  tt  dt  Phys.,  ^8,)  65y  1859, 129.) 

,1.  S.  Sta$:  206.926  (O  =  16). 

A^^^^^^iin^r  to  the  moan  of  10  syntheses  of  plumlne 
l(H>  load  =s'l,S5V*>708  nitrate:  extreme  diffi^rance,  Oj 
N..U.044.  this  notation  gives  rb  =  306.918. 
mado  six  svnthosos  of  the  sulphate^  whidi 
1(>0  Vb  =  r4tv427.S  sulplMito ;  extreme  diAn 
S  •«  <^e.0742. this  Iv1ativ^n  gires  Pb  »  20&9tl 
x^oiv  made  in  tlw  same  way  as  in  the 
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ic  weight  of  silver.  The  drying  of  the  nitrate  could 
be  EiccompUehed  only  in  vacuo  and  at  about  156°,  The 
WeigluDgs  are  for  vacuum.  The  lead  used  was  prepared 
from  commercial  acetate  by  precipitation  with  metallic  lead, 
of  copper,  etc.,  convereiou  into  sulphate,  then  into  carbo- 
nate and  reduction  by  potasaic  cyanide  or  black  dux.  {Slas, 
Untertueh.  Uber  Chem.  Prop.  Leipzig,  1867,  324.) 


LITHIUM. 


Kegnault  has  determined  the  epeeifie  heat  of  lithium.  It 
Corrcapunds  to  an  atomic  weight  of  about  7.  (Gmelin- 
£raui,  L  c.) 

The  earliest  determinations  of  this  couetaut  seem  to 
lave  been  made  with  a  double  salt  of  lithium  and  potassium, 
It  all  events  with  a  very  impure  material.  According  to 
&.rfved»un,  420.4  lithium  cnloride  give  1322.4  argentic 
tbioridti,  whence  he  deduces  lis  the  atomic  weight  the  num- 
ber 127.767  [or  10.-22.]  (PoggeJid.  Ann.,  8,  1826,  189.)  L. 
{.  Vau<|Uc1iii  found  430  lithium  sulphate  equivalent  fo 
675  barinni  sulphate.  [If  8  =  32;  Ba  =  137.08,  this  rela- 
tion gives  Li  =  9.27.]  Vauquelin  does  not  describe  the 
ireporation  of  his  salt.  {Anim.  de  Chem.  et  de  Phys.,  7, 1818, 
!87.)  C.G.  Gmeliri  found  Li  =  191.21  [or  7.66J  (Poggmd. 
Attn.,  15,  480 ;  Giihert's  Ann.,  63, 1819,  399.)  Kralovanszky 
>y  two  analyses  of  the  sulphato  with  barium  chloride  got 
V\  at  'from  10.096  to  10.168  {Liebig's  Ann.,  121,  94 ; 
^hwagger's  Joum.,  Gi,  1828,  281.)  "Thomson  and  Stro- 
wyw  alflo  each  got  similar  values.  (Thomson's  Syslemof 
'Stem.,  7th  cd.,  1,  1831,  f20.) 

R  Hkbmann  ;  G.0S5  (O  =  16) ;  38.03  (0  =  100). 

Experimenta  were  made  du  the  carbonate  by  decomposing 

;  with  acid  over  mercury,  and    measuring  the  resultant 

ide.     For  C  ^  76.33,  those  dcterminatmna  give  Li  ^ 

'eral  experiments  were  also  made  by  analyzing  the 

with  barium  chloride.     For  S  =  201.06  and  Ba  = 

i«»o   give    Li '=38.05.      Hermann    precipitated 

fbonatc  with  ammonium  carbonate,  and  subse- 

-Jy  ooiiviirted  it  into  sulphate.     The  chloride  was  pre- 

id  mi       w  phoi*phate  by  Berzelius'  method,     {Poggend. 

WO.) 
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J.  J.  Bkbzslius  :  6.6SS  (O  =  16) ;  40.88  (O  =  100). 

Berzelius  found  that  1.874  lithiam  snlphate  eave  S.9985 

barium  sulphate,  and  calculated  this  relation  for  S  =s  200.75; 

Ba  =  855.29.    He  also  found  4.4545  melted  carbonates: 

6.658  sulphate,  but  rejected  the  analysis.    {Lehrbueh^  S^  1229, 

'  and  Jahresberichtj  10^  1880,  96.) 

R.  Hagbn  :  6.57  (O  =  16). 

Hagen  precipitated  lithium  sulphate  with  barium  chlo- 
ride, and  found  that  0.852  dry  lithium  sulphate  gave  1.8195 
barium  sulphate  whence  he  calculates  Li=s6.49S.  [If 
Ba  =  187.08 ;  S  =  82 ;  this  relation  gives  Li  =  6.57.] 
{Poggtnd.  Ann.y  48 j  1889,  868.) 

J.  W.  Mallbt  :  6.95  (O  =  16) ;  86.89  (O  =  100). 

In  two  experiments  a  known  weight  of  lithium  chloride 
was  precipitated  by  argentic  nitrate,  and  the  argentic  chlo- 
ride weighed.  In  one  experiment  lithium  chloride  was 
titrated  with  argentic  nitrate  by  Pelouze's  method.  The 
number  is  the  mean ;  the  extreme  difference  is  0.18  for  0 
=  100.  Mallet  takes  Ag  =  1849.66 ;  CI  =  448.28.  The 
alkalis  were  separated  from  the  lithium  salt  by  repeated 
treatment  with  ether  and  alcohol.  The  salt  was  examined 
for  impurities,  and  was  fused  with  a  little  ammonium  chlo- 
ride to  prevent  the  formation  of  oxy-chloride.  {SUUman*s 
Amer.  Joum.j  (2,)  eS,  1856,  849.) 

L.  Troost  :  6.5  (O  =  16). 

Troost  found  this  number  from  analysis  of  the  carbonate 
which  had  been  crystallized  from  water  containing  carbon 
di-oxide  and  dried  at  200^,  but  does  not  regard  it  as  defini- 
tive.   {Annal.  de  Chim.  et  de  Phys.y  (3,)  61  ^  1857,  111.) 

J.  W.  Mallbt  :  7  (O  =  16). 

Troost  having  objected  to  Mallet's  former  method  of 
determination,  no  redetermined  it  by  precipitating  the 
sulphate  with  a  standard  solution  of  barium  chloride, 
the  precipitating  power  of  which  had  been  tested  on  the 
sulpnatcs  of  magnesium  and  sodium.  This  method  was 
adopted  to  avoid  the  well-known  imperfections  of  the  sat 
phur  determination.  Compared  with  sodium  sulphate  ^" 
atomic  weight  of  Li  was  found  =  6.92  and  6.95.  Oom* 
with  magnesium  sulphate  it  was  found  ^7.07  v  " 


[g  ^  24 ;  Na  =  23.  The  sulphate  was  prepared  from  car- 
anate,  »nd  dried  somewhat  below  a  red  heat.  {SUUman's 
mer.  Jounh,  (2,)  S8, 1859,  349.) 

K.  Diehl:  7.026  (0  =  16). 

Determined  by  aDalysis  of  lithium  carbonate  with  Bun- 
m's  apparatus  and  in  his  laboratory.  Four  experiments ; 
Etrerae  difference,  0.024.  C  =  12.  The  salt  was  purified 
otn  ftlkalie  by  precipitation  as  carbonate,  resolutioQ  in  acid 
id  reprecipitatioD,  repeated  until  the  sodium  line  was  no 
ogt-r  visible,  Diehl  found  that  precipitation  of  the  sul- 
faato  with  barium  chloride  ^ave  a  nearly  constant  error  on 
Ocount  of  the  retention  of  lithium  in  tlie  precipitate,  and 
d  Co  uonrty  the  same  results  as  Berzelius  got.  {Lkbig's 
na.,  ISl,  1862,  98.) 

LTroost;  7  (0  =  16). 

Troost  found  1.309  grammes  lithium  chloride  =  4.42 
ventic  chloride,  and  2.75  lithium  chloride  ^  9,3  argentic 
tloride.  From  these  analyses  he  deduces  the  values  7.03 
id  6.99.  By  decomposing  the  carbonate,  dried  at  100°, 
itb  Bilicic  acid,  he  found  0.97  carbonate  =  0.577  carbon 
t^xidc  and  1.782  carbonate  =  1.059  di-oxide,  and  infers 
r  Li  7  and  7.02.  In  one  experiment  the  carbonate  was 
nverted  into  sulphate.  1.217  carbonate  gave  1.808  buI- 
ti«to.  Troost  calculates  Li  =  7.06.  [II'  C\  =  35.457 ;  Ag 
«107.ft3;  C  =  12;  8  =  32;  these  determinations  give,  in 
le  same  order  as  above,  7.01 ;  6.94;  6.98;  7.02;  7.07.] 
be  carbonate  was  purified  by  solution  in  water  containing 
irbon  di-oxide,  and  reprecipitation  by  boiling,  the  openi- 
>n  being  repeated  until  the  salt  was  spectroscopically  pure. 
%r»j  ComfUs  Rend.,  5i,  1862,  366.) 

J.  8.  8ta8  :  7.022  (0  =  16). 

According  to  tbo  mean  of  three  determinations,  100  parts 
f  silver  =  39.358  lithium  chloride;  extreme  difference. 
005.  If  Ag=  107.93;  01  =  35.457;  this  ratio  gives  Li 
e  7.022.  This  value  is  confirmed  by  experiments  on  the 
[Odverflion  of  the  chloride  into  the  nitrate,  the  results  of 
vliich  give  Li  ^  7.018.  The  comparison  with  silver  was 
lade  according  to  Pelouze's  modification  of  the  silver  titra- 
Dn  method.  The  chloride  was  purifiedfrora  alkalis,  after 
nliminary  treatment  with  ether  and  alcohol,  by  pouring 
k^HOlvod  salt  into  a  boiling  solution  of  ammonium  car- 
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bonate  containing  ammonia  in  excess.  All  weigfaings  re- 
daced  to  vacoam.  (StaSj  Untersueh.  iiber  Chem.  fnp^ 
Leipzig  f  1867.) 

sJagnesium. 

Regnault  and  Eopp  have  each  determined  the  qiedfie 
heat  of  this  metal.  It  answers  to  an  atomic  weight  of 
about  24.     {Gmelin-Krautj  I.  e.) 

J.  J.  Berzelius  :  26.S  (O  =  16) ;  168.189  (O  =  100). 

Determined  by  dissolving  magnesium  oxide  in  dilute  sul- 
phuric acid,  evaporating  and  heating  to  incipient  redness. 
100  oxide  were  found  =  293.985  sulphate.  The  sulphate 
was  perfectly  soluble  in  water  and  had  therefore  lost  none 
of  its  acid.  The  oxide  was  purified  by  solution  in  an 
aqueous  solution  of  carbon  di-oxide  and  reprecipitated  by 
boiling.  S  =  200.75.  {Poggend.  Ann.,  8j  1826,  188 ;  and 
Lehrbuch,  3,  1227.) 

Marchand  and  Scheerer  recalculated  this  analysis  for  8  =s 
200  and  reached  the  value  157.74.  They  assert  that  the 
oxide  may  have  contained  alkalis  and  that  the  sulphuric 
acid  carries  off  magnesium  sulphate  in  volatilizing.  {Erdr- 
mann^ s  Journ.  fUr  Prak.  Chem. j  60 j  1850,  892.) 

W.  IIenhy  :  F.  II.  Wollaston  :  SS.S6  (O  =  16);  146 
(O  =  100). 

Henry  found  that  magnesium  sulphate  contained  88  per 
cent,  magnesium  oxide.  If  S  :=  200  the  value  follows. 
(Phil.  yWim,  i(?4, 1814,  21.) 

—  LoNGCiiAMP :  16.S3  (O  =  16). 

In  two  oxporimonts,  Lonechamp  found  that  five  parts  of 
orvHtullizod  nmgnosiuin  siilphntc  are  equivalent  to  4.91 
Imrium  sulphato.  [If  Ba=:  187.08;  8  =  32,  the  number 
followH.  1  Longi»hanip  found  63  per  cent,  water  which  is 
nuioh  too  high.  Acoonling  to  Marchand  and  Scheerer,  the 
(lata  tor  tho  anhydn>u8  nalt  give  Mg  =  97.37,  for  8  =  200; 
Ha  «=  8r>rt.S,  [or' 16.74.]  (Annal.  de  Chim.  tide  Phjft.,  j[g, 
1S11MV»6.) 

li.  J.  (Uy-1-ussac:  {?S.6S  {O  =  16). 

I6/206  gran\nio!«  orvstallisod  sulphate  were  found 
to  K>.%U6  Uarium  KulpluUi\  and  19.395  magnesiam  m 
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l66  barium  sulphate.  CalculatiDg  from  the  anhy- 
itiB  salt  Gay-Lu8sac  found  from  these  experiments  re- 

(cctively  Mg  =147.28  and  Mg  =  148.09  for  Ba  =  856.8; 

^  200.      The   salt   was   found   to   contain   51.43  water. 

Calculated  from  the  anhydrous  salt  these  data  give  Mg 

« 23.55  and  28.68.     Calculated  from  the  hydrous  salt  (7 

M>1ecQlt!3  water)  the  numbers  give  24.14  and  24.41,  if  S  = 
;  Ba  =  187.08.]     Gaj-Lussac  remarks  that  the  sulphate 

I  partially  decomposed  at  a  red  heat.     (Annat.  de  Chim.  et 

t  Ph3/3.,  IS,  1820,  308.) 

T.  ScHBEBBR :  S4-i6  (O  =  16) ;  150.97  (O  =  100). 
Mean  of  six  experiments  on  the  precipitation  of  the  sul- 
Bte  with  barium  chloride.  Extreme  difference,  0.79.  S 
200.75;  Ba  =  855.29.  After  weighing,  the  barium  sul- 
ate  WES  treated  with  dilute  HCl  and  the  chloride  thus 
tfacttd  alliiwed  for.     {Poggend.  Ami.,  69,  1846,  535.) 

T.  ScuEERER  :  Si.Sl  (0  =  16) ;  151.33  (O  =  100). 
Barium  sulphate  formed  as  in  the  last  determination  was 
ed  with  soda,  the  barium  carbonate  dissolved  in  HCl,  and 
irecipiUit«d  as  sulphate.  In  the  filtrate  additional  mag- 
lia  waa  found.  li  the  error  in  the  former  determination 
tb«  same,  its  corrected  value  would  be  as  above. 
I  Arm.,  70,  1847,  407.) 

SvASDEito  and  I^ordenfeldt  :  S^JS  (0  =  16) ; 
164,504  {O  =  100). 
Four  experiments  were  made  on  the  calcination  of  the 
talate,  aiid  three  on  the  conversion  of  the  magnesia  bo 
itained  into  sulphate.  The  oxalate  was  dried  at  from 
W  to  105°  and  heated  to  redness  until  the  weight  was 
)8tant.  The  oxide  was  dissolved  in  sulphuric  acid,  evapo- 
<wl  and  the  excess  driven  off  by  heat.  The  oxalate  was 
ipan-d  from  the  sulphate  by  precipitation  with  sodium 
'Donnto  and  digestion  with  oxalic  acid.  The  number  is 
le  mean  of  all  experiments ;  extreme  differouce,  0.514, 
=  200.75;  C=  75.12;    H  =  12.48.     {Erdmann's  Jour,,. 

PraL  Chem.,4S,  1848.  473.) 
According  to  Marchand  and  Schcerer,  the  data  give  Mg 
154.27  for  S  =  200 ;  H  =  12.5 ;  0  =  75. 

Mabchand  and  Scheerer  :    34..OS  (0  =  16);  150.19 
(O  =  I00). 
Eleven  exjperiraeuts  were  made  in  calcining  massive  mag- 
*"~  "     *    from  Frankenstein,  and  weighing  the 
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caustic  nuu^ena  formed.  The  carbcmste  was  dried  at 
SOO^t  ^^<1  ^^  carbon  di-ozide,  which  paaeei  off  abore  280^| 
wiM  caagbt  by  caustic  baryta  eolation  and  determined.  Tb» 
ini4s^  of  carbon  di-ozide  not  expelled  by  a  yellow  heat 
were  set  free  by  solution  in  chlornydric  acid  and  also  de- 
termined as  barium  carbonate.  The  silidc  acid,  etc.,  were 
^Iso  determined.  The  mean  in  air  is  150.84 ;  m  vacuo  u 
above.  Extreme  difference,  0.57.  C  s=  75.  Eleven  other 
experiments  were  made  with  comparatively  impure  material 
and  less  precaution,  tending  to  confirm  the  above.  (JM- 
mann's  Joum.  fUr  Prak.  Chem.jSOj  1850,  409.) 

T.  SouBEBEB :  24  (0  =  16) ;  150  (O  =  100). 

Bv  separating  the  neutral  sulphates  of  maenesium  and 
calcium  by  means  of  alcohol,  Scneerer  found  mat  the  mag- 
nositos  used  bv  Marcband  and  himself  contained  from  one- 
fourth  to  ono-fialf  per  cent,  calcium  oxide,  ^his  correction 
would  make  their  determination  almost  exactly  250  or  24. 
(IMuf'a  Ann.,  110, 1858,  286.) 

V.  A.  Jacqublin:   U^408  (O  =  16);   152.55  (O  = 
100). 

AnhydrouH,  neutral  magnesium  sulphate,  obtained  by 
solution  of  tlu)  oxide  in  sulphuric  acid  and  heating  to  red- 
noHH,  guvo  88.56  per  cent,  pure  oxide.  The  method  adopted 
in  not.  (loHoribod.  This  oxide  by  treatment  with  sulphuric 
uoid  fixwis  the  original  amount  of  sulphate.  If  S  ^  200, 
tho  nunibor  follows.  {AnnaL  de  Chim.  et  de  Phys.,  (3,)^, 
I8M,  IIKV) 

.\.  MAonowNKLL:  23,9  (0=16). 

notornunod  from  nnAlysos  of  anhydrous  and  of  crystal- 
tisod  n\U)ri^«^t^i^Hu  ituluhato.  {BriL  Assoc.  Rep.^  1852,  part 
i!,  SO ;  und  K\^pp\<  Jiinrtsb^richK  5,  364.) 

J,  R  Uauh:  O^.V  vO  =  16>:  154.842  (0  =  100). 

A  known  woii::ht  of  puritiod  msurno$ium  oxide  was  dis- 
ikoho\i  \\\  Milphurio  Aoid«  o\^%)vraUH\  and  heated  to  redness 
\\\\  ibo  woi^hf  wait  oonM;inu  Tho  number  is  the  mean  of 
0\»vo  o\j^ovunonis;  o\tr\Muo  ditftroncw  0.515.  The  osoda 
wi^n  obftunod  t\NMu  nu'toorio  o)iv:n.  After  removal  of  |i|a 
l\oa\>  nwtrtU,  fhx^  solution  wa*  ox^poraxed  lo 
«ix^U[  \x  A»()od  And  )uv)iusi  to  nshu\i^  TIm  oodda  i^ 
\\H»  d\M\\Uvd  u\  Axviw  AouU  vxxalk 
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fiolation  evaporated  nearly  to  dryness,  and  the  oxalate 
thoroughly  washed.  Bahr  says  that  the  presence  of  alkalis. 
coald  not  he  suspected.  S  =  200.  (EranumrCa  Joum.  fiir 
Prak.  CAm.,  5ff,  1862, 810 ;  (Efversigt  af  Akad.  Fosrh.,l^bl, 
808.) 

Scheerer  savs  that  oxide  so  prepared  retains  carbonic 
acid,  that  sulphate  is  carried  off  in  heating  the  sulphate  to 
redness,  and  that  the  presence  of  alkalis  is  to  be  suspected. 
{Mrdmann'8j(nirn.fUrPrak.Chem.y66y  1862,489.) 

J.  Dumas  :  24.6  (O  =16). 

Dumas  made  eleven  experiments  on  the  titration  of  mag- 
nesium chloride  with  argentic  nitrate.  He  found  great 
difficulty  in  preparing  pure  chloride,  and  does  not  feel  con- 
fident of  his  results.  The  number  is  the  mean ;  extreme 
difference,  0.28.  Ag  =  108;  CI  =  86.6.  The  chloride 
was  prepared  fVom  various  salts,  but  was  in  all  cases  finally 
heated  in  an  atmosphere  of  HCl.  Dumas  points  out, 
however,  that  this  process  does  not  remove  oxide  if  present. 
{AnmL  de  CMm.  et  de  Phys.,  (8,)  66, 1859, 129.) 


MANGANESE. 


Regnault  has  determined  the  specific  heat  of  manganese. 
It  corresponds  to  an  atomic  weight  of  about  56.  {Gmelin- 
kraut,  L  c.) 

J.  J.  Bbrzblius:  66.93   (0  =  16);   855.787   (O  = 
100). 

By  dissolving  manganese  in  nitric  acid,  evaporating  and 
heating  to  a  low  red,  Berzelius  found  100  Mn  =  142.16 
oxide.  It  was  not  known  at  the  time  that  the  oxide  might 
be  partially  reduced  by  this  process.  (Poggend.  Ann.,  8, 
1826, 185 ;  and  Jahresbericht,  S,  186.) 

J.  A.  Arfvedson:   66.e6  (0  =  16);   851.56   (O  = 
100). 

From  1.508  chloride  Arfvedson  obtained  3.408  argentic 
diloride.    If  As  =  1351.607 ;    01  =  221.325 ;    the  number 
iBerzdius'  Jahresbericht,  9,  1829,  186 ;  Afhandl.  i. 
'6.) 
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E.  TuRKEE :  Si^  (O  =  16). 

Taroer  analyzed  the  carbonate  in  an  apparatus  mmilar  to 
Bansen*8.  He  fonnd  34.72  per  cent,  carbon  di-ozide  and 
8.427  water.  For  C  =  6,  he  calcolatea  Mn  =  28.024.  By 
dissolving  the  protoxide  in  Bolphuric  acid,  evaporating  and 
heating  to  redness,  he  fonnd  9  oxide  =  19.01  salpbate.  If 
S  =  16,  this  gives  Mn  =  27.96.  A  second  experiment  gave 
27.98.  From  12.47  Mn  chloride  he  obtained  28.42  aigentic 
chloride,  pf  CI  =  35.5,  A^  =  108 ;  this  gives  Mo  =  54.9.] 
The  carbonate  was  obtained  by  precipitation  with  potasriam 
carbonate.  The  protoxide  was  obtained  by  reauction  of 
higher  oxides  in  hydrogen.  The  chloride  was  melted  in  a 
current  of  HCl  gas.    pSdmb.  Trans.,  11, 1881, 148.) 

J.  J.  Bbrzblius  :  56 M  (O  =  16) ;  845.9  (O  — 100). 

Berzelius  repeated  Tamer's  experiments,  taking  laiger 

?[uantitie6.     From  the  chloride  he  got  from  845.84  to  .w ; 
rem  the  sulphate  from  846.03  to  .29.    Ag  =  1851.607 ;  CI 
=  221.325 ;  S  =  201.165.     {Berzeliua'  Jakrubericht,  9, 1880, 

186.) 

J.  J.  Bbrzblius  :  66.U  (O  =  16) ;  344.684  (O  =  100). 

In  his  Lehrbuch  he  apparently  takes  the  analyses  of  the 
chloride  above  cited,  recalculated  for  CI  =  221.64;  Ags 
1849.66.    {Lehrbuch,  S,  1224.) 

R.  Brandbs  :  67.06  (0  =  16) ;  366.602  (O  =  100). 

Determined  by  analysis  of  crystallized  chloride. .  The 
chlorine  was  determined  by  precipitation  with  silver.  The 
Mn  was  precipitated  as  carbonate,  and  converted  into  oxide 
by  heat.  The  water  was  determined  by  difference,  and  the 
composition  of  the  oxide  was  assumed  to  be  as  given  by 
Borzolius,  (!)  whoso  values  for  Ag  and  CI  were  also  taken. 
(Popgeud.  Ami.,  SS,  1831,  256.) 

K.  VON  IIaukr:  54.98  (0  =  16);  343.682(0  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  the 
sulnhiito  to  Hulnhido  by  heating  the  salt  in  a  current  of 
hydrogon  Hulphido.  The  reduction  was  performed  in  a 
porcoliiin  tubo  onoloscd  in  a  charcoal  fire.  If  umber,  mean; 
oxtromo  difforiMioo,  0.34,  for  O  =  16.  The  sulphale 
proinuvd  from  rt  pyroluHito  containing  only 
i>arnnn.  It  was  roduood  to  protoxide,  dissc 
rio  rtoid,  oxidizAHl  with  nitric  acid,  precipitate 


MBRCUBY.  81 

acid,  converted  into  red  oxide,  dissolved  id  cblorbydric  acid 
and  alcohol,  precipitated  with  ammonium  carbonate,  dis- 
solved in  sulphuric  acid,  repeatedly  heated  to  redness  and 
recrystallized,  and  was  dried  at  800°.  Accurate  experi- 
ments on  the  reduction  of  the  red  oxide  proved  impractica- 
ble on  account  of  the  bydroscopicity  of  the  compound. 
Two  experiments  on  the  oxidation  of  the  protoxide,  under- 
taken as  a  check  on  the  other  method,  gave  27.486  and 
27.527  for  0=8;  S  =  16.  {Erdmann's  Joum.  fur  Prak. 
Chan,,  72, 1867,  861;  SiJtz.-Berkht  der  k.  k.  Akad.,  1857.) 

J.  Dumas  :  54.96  (0  =  16). 

Determined  by  the  decomposition  of  the  chloride  with 
argentic  nitrate.  The  number  is  the  mean  of  five  experi- 
ments; extreme  diflTerence,  0.1  for  0  =  16.  01  =  85.5; 
Ag  =s  108.  Dumas  had  previously  made  experiments  on 
the  reduction  of  the  hyperoxide  to  protoxide  by  hydrogen. 
These  gave  the  atomic  weight  at  from  25.99  to  26.09  for 
O  ^  8.  Dumas  believes  that  a  part  of  the  oxide  was  re- 
duced to  metal.  The  peroxide  was  prepared  from  nitrate 
of  the  protoxide.  {Annal.  de  Chim.  et  de  Phya.,  (8,)  66, 1859, 
150.) 

—  Rawack  :  54.02  (0  =  16). 

Determined,  in  Schneider's  laboratory,  by  reducing  a 
known  weight  of  red  oxide  to  protoxide  in  a  current  of 
dry  hydrogen,  and  weighing  the  water  formed.  The  num- 
ber is  denved  from  the  mean  of  six  selected  experiments. 
The  extreme  difference  is  0.22  for  0  =  16.  {Poggend.  Arm., 
107, 1859,  607.) 

B.  SoHNEiDBR :  54.038  (O  =  16). 

The  mean  result  of  four  analyses  of  the  oxalate  by  the 
ordinary  method  of  organic  analysis.  Extreme  difference, 
0.04  for  0  ^  16.  0  ^  12.  The  oxalate  was  prepared  from 
chemically  pure  sulphate  b^  precipitation  with  sodium  car- 
bonate, digestion  with  oxalic  acid,  and  drying  over  sulphu- 
ric acid.    XPoggend.  Aw^.,  107, 1859,  618.) 


MERCURY. 


The  specific  heat  of  mercury  in  the  solid  state,  as  observed 
by  Begoault,  and  the  vapor  densitv,  as  determined  by  Dumas, 
«^  to  an  atomic  weight  of  slightly  above   200. 
^  2.  c;  i.  Meyer,  i.  c.) 
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FOURCROT  AND   ThBNA&D,  DaYT,  WOLLA8TON  :    S00.8 

(O  =  16) ;  1255  (O  =  100). 

Foarcroy  and  Thenard  found  8  0  =  100  Hg.  Davy  found 
80  O  =  880  Hg,  giving  Hg  =  1266.  The  latter  also  found 
184  CI  =  880  Hg,  which  for  CI  =  441,  gives  Hg=1254. 
(PhiL  Trans.,  lOJ^  1814,  21.) 

N.  O.  Sefstboeh:  202.58  (0  =  16);  1265.822  (0  = 

100). 

Determined  by  three  analyses  of  the  oxide  according  to 
which  100  Hg  =  7.89,  7.9,  and  7.97  O.  {BmiOauf  Lehr- 
buck,  Sy  1215.) 

E.  TuRNEB :  eOO.re  (O  =  16). 

Turner  made  a  number  of  determinations  of  this  atomic 
weight  but  re^rded  the  value  he  adopted,  202,  only  as 
an  approximation.  From  the  oxide,  prepared  from  nitrate, 
he  TOt  200.77  and  199.97.  The  compound  was  decomposed 
by  heat,  and  the  products  carried  over  silver  and  gola  in  a 
narrow  tube.  Four  experiments  were  made  on  mercuric 
chloride  which  was  decomposed  by  pure  calcic  oxide,  and 
the  CI  precipitated  with  argentic  nitrate.  [These  analvses 
recalculated  for  the  Stas'  atomic  weights  of  Ag  and  CI 
give  202.079,  201.701,  201.815.]  Turner  also  made  two 
experiments  on  .the  reduction  of  the  chloride  with  stan- 
nous chloride,  the  Hg  bein^  collected,  dried  and  weighed. 
[These  experiments  recalculated  g^ve  199.423  and  199.289.] 
The  mercuric  chloride  was  purified  by  recrystallization. 
Weighings  reduced  to  vacuum.  (PA2.  TVoiw.,  iJKS,  1838, 
535.) 

Erdmann  and  Marchand  :  £00.14,  (O  =  16) ;  1250.6 

(0  =  100). 

Determined  from  the  mean  of  four  experiments  on  the 
reduction  of  the  oxide  in  a  current  of  carbon  di*ozide. 
Copper,  carbon  (from  sugar)  oxide,  and  carbon,  were  intro- 
duced in  successive  layers  in  a  combustion  tube.  Diy  car* 
bon  di-oxide  was  passed  through  and  the  meroorio  oaddt. 
heated.  The  metal  was  collected  in  a  receiver  to 
tube  filled  with  ^old  foil  was  appended.  The 
perfectly  clean.  Sfoisture  was  removed  by  a  str^  ~^^' 
air  after  distillation.  The  oxide  was  purmed  In 
to  incipient  decomposition  the  metallic  fumes  bed 
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by  a  current  of  dry  air.  It  wae  tested  before  being  analysed. 

Tne  extreme  difference  in  the  results  was  0.8  for  0  =  100. 

All  weighings  Hi  vacuo.  [ErdTnann's  Journ.fUr  Prak.  Chem., 
SI,  1844,  392.) 

E.  Millon:  199.94  (0  =  16);  1249.63  (0  =  100). 
Millon  made  two  experimenta  by  heating  mercuric  chlo- 
ride with  calcic  oxide  in  a  current  of  hydrogen  and  con- 
densing the  metal.  The  experimeute  gave  73.87  and  73.82 
percent,  mercury.  If  CI  ^  442,64,  the  value  follows.  The 
chloride  was  dissolved  in  ether  and  sublimed.  It  was  per- 
fectly soluble  in  ether  and  alcohol,  and  was  well  crystallized. 
{Paris  Comptea  Mend.,  SO,  1845,  1291.) 

L.  SvANBERo:  mo  (0  =  16);  1250  (0  =  100). 
Svanberg  made  three  experiments  by  the  same  method 
employed  uy  Millon.  The  mean  result  was  1248,47;  ex- 
treme difference,  0.94;  but  Svanberg  shows  that  there  was 
probably  loss,  and  that  the  larger  the  quantity  of  chloride 
employed  the  higher  the  result.  He  regards  Erdmann  and 
Marchand's  result  as  most  probable,  but  in  need  of  con- 
firmation. Ci  =  443.28.  {Erdmann's  Joum.  JUr  Prak. 
Chan.,  4£,184S,  468;  Kongl.  Vet.  Akad.  lIandi.,184b,\Zh.) 


MOLYBDENUM. 

Itegnault  determined  the  specific  heat  of  molybdenum. 
Itftoewera  to  an  atomic  weight  of  about  96.  (Omelin-Kraut, 
l.c.) 

J.  J.  BsEZBtics:  95.S6  (0  =  16);  596.1  (0  =  100). 
One   hundred  parts  of  anhydrous  plumbic  nitrate,  dis- 
solved and  precipitated  with  neutral  ammonium  molybdate, 
fve  110.68  parts   plumbic   molybdate.     If  Pb  =  1294.645, 
=  87.63,  tne  value  follows.     Berzelins  expresses  himself 
dissatisfied  with  the  accuracy  of  the  determination.     {Po^- 
l^mtL  Aim.,  S,  1826,  23 ;  and  Lchrbuch,  S,  1208.) 

8tabbbk«  and    Strove:   93.13   (0  =  16);    575.829 
(0  — 100). 
Aftur  trying  variouB  methods  without  getting  accordant 
rowilts,  ttlVM  chemist*  mode  ten  experiments  on  the  suU 
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phide  by  roasting  it  first  in  a  current  of  moist,  aad  then  of 
dry  air.  Three  experiments  were  excladed  as  imperfect. 
The  remainder  gave  a  mean  of  89.7523  molybdic  acid  from 
100  sulphide ;  extreme  difference,  0.22.  The  value  follows 
for  S  =  200.  Objections  have  been  made  {lAebig^s  Ann^^ 
68 y  211)  that  the  difference  in  weight  between  the  acid  and 
the  sulphate  is  too  small  for  the  purpose  of  the  determina- 
tion, and  that  the  different  analyses  give  very  different 
atomic  weights.  The  sulphide  was  prepared  by  meltine 
together  molybdic  acid,  sulphur,  and  caustic  potash,  and 
leaching  the  product  with  water  and  chlorhydric  acid.  The 
sulphide  was  dried  in  a  current  of  hydrogen.  The  molyb- 
dic acid  was  dissolved  in  ammonia  to  prove  the  absence  of 
sulphide.    {Mrdmann's  Joum.fUr  Prak.  (Jhem.y  44^  1848, 815.) 

K  J.  Berlin  :  91.96  (0  =  16) ;  574.75  (0  =  100). 

Determined  by  four  analyses  of  the  double  mono-eesqiu- 
molybdate  of  ammonium  by  heating  gently  with  nitric  acid 
in  a  platinum  crucible  until  only  molybdic  acid  was  left 
Extreme  difference,  8.82  for  O  =  100 ;  N  =  175 ;  H  =  12.5. 
The  preparation  of  the  salt  is  not  given.  (Erdmann^sJovrn. 
fur  Prak.  Chem.,  49, 1850,  446.) 

J.  Dumas  :  96  (O  =  16). 

Dumas  made  five  experiments  on  the  redaction  of  molyb- 
dic acid  (prepared  from  the  natural  sulphide)  by  means  of 
hydrogen.  The  reduction  was  begun  at  a  low  temperature 
in  a  glass  tube,  and  completed  in  an  unglazed  porcelain  tube 
in  a  reverberatory  furnace,  where  it  was  kept  till  several 
hours  heating  produced  no  further  alteration  in  weight. 
The  molybdenum  did  not  assume  a  metallic  appearance. 
The  number  is  the  mean ;  extreme  difference,  0.8  for  O  ^ 
16.     {Annal  de  Cliim.  et  de  Phys.,  (3,)  66 j  1859, 142.) 

• 

M.  Delafontaine  :  93  {0  =  16) ;  575  (O  =  100). 

This  chemist  made  many  experiments  in  various  ways 
without  being  able  to  roach  constant  results,  and  only  re- 
marks that  his  experiments  indicate  Svanberg  and  Struve't 
vuluo  OS  the  best.  {Erdmann^s  Joum.  fur  Irak.  Chaiu^OSf 
1865,  137;  IHbL  Uiiw.,  Arch,  des  Sciences,  SS,  1865,) 

II,  Dkiuiay:  1)5.1)4  (0  =  16). 

Dobniy   nuulo  tliroo  oxporiments  on  the  ti 
niolvlulio  aoiil.    The  acid  was  first  converted  i 
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oxide  in  platlnura,  and  at  a  low  temperature,  and  the  small 
portion  of  the  acid  volatilized  during  this  operation  was 
caught  and  determined.  The  reduction  was  completed  tn 
a  porcelain  tube  at  a  white  heat.  Debray  gives  his  results 
at  48.03 ;  48.04 ;  and  47.84.  [The  analytical  data,  recalcu- 
lated, give  95.30;  95.55;  95.73;  perhaps  on  account  of 
roiBprinti.  Reduction  to  vacuum  would  atill  further  reduce 
the  numbers.]     The  acid  waa  purified  by  sublimation  in 

Slatinam,  conversioQ  into  ammonium  salt,  and  regeneration 
y  bftat.  Id  two  experimentB  amraoniacal  solution  of  molyb- 
dic  acid  was  evaporated  in  the  dark  with  excess  of  argentic 
nitrate,  the  argentic  molybdate  dissolved  out  and  the  excess 
of  silver  determined.  Debray  found  5.510  acid  =  7-657 
silver,  and  7.236  acid  ^=  10.847  silver.  Hence  he  calculates 
M  =  48  and  47.98.  [A  little  calculation  shows  that  the 
firet  data  are  raispriuted.  They  should  read  6.11  acid  ^ 
7.637  silver.  The  corrected  data  give  for  Ag  =  107.93 ;  M 
^96.06  and  95.99.  The  mean  of  the  recalculated  analyses 
U  95.78.]    {Ptaia  Comptes  liend.,  60,  1868,  732.) 

L.  Meter:  96.10  (O  =  16). 
Calculated  from  three  analyses  of  the  dichloride,  two 
analvAos  of  the  tetrachloride,  and  two  analyses  of  the  pen- 
tachloridc,  made  by  Leichto  and  Kempo  in  Meyer's  labora- 
tory. The  dichloride  was  analyzed  by  heating  in  a  current 
of  hydrogen  sulphide,  and  subsequently  in  a  current  of 
hydrogen.  Molybdenum  disulphide  is  the  residue.  The 
HCl  formed  was  caught  in  ammonium  hydrate  and  precipi- 
tated by  argentic  nitrate,  after  the  hydrogen  sulphide  had 
been  driven  off  by  boiling  in  a  flask  provided  with  a  con- 
densing drip-tube.  The  tetra  and  pentachloride  were 
decomposed  with  nitric  acid,  excess  of  ammonium  hydrate 
was  added,  and  molybdenum  trisulphide  precipitated  with 
aniiDoaium  sulphide.  A  weighed  portion  of  the  dry  pre- 
cipitate was  converted  into  disulphide  by  heating  in  »  cur- 
rent of  hydrogen.  The  chlorine  of  the  higher  chlorides 
waa  determined  in  the  filtrate  after  precipitation  of  the 
trisulphide.  By  comparing  the  amount  of  chloride  analyzed 
with  the  amount  of  argentic  chloride  obtained,  Meyer  finds 
in  mean  M  =  95.92;  ("xtreme  diflerencc,  1.87  for  0  =  15.96. 
By  comjjftring  the  amount  of  disulphide  with  that  of  argen- 
tii.-  i^bhiriiii',  M  =  95>.75;  extreme  aifference,  1.35.  By  com- 
'  ■  !  ihloride  analyzed  with  the  amount  of 
It  one  analysis  of  tetrachloride  and 
■hloride,  begets  M  ^  95.94;  extreme 
'  mean  is  M  =  95.86 ;  extreme 
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difference,  2.15.  Ag  =  107.66;  8  =  81.98;  01  =  85.87; 
0  =  15.96.  The  specific  gravities  of  the  chlorides  not  hav- 
ing been  determined,  the  weighings  are  not  reduced  to 
vacuum.  The  pentachloride  was  prepared  from  M  by  heat- 
ing it  in  a  current  of  CI  entirely  free  from  air.  The  metal 
had  been  freed  from  oxide  by  heating  in  an  atmosphere  of 
HCl.  By  moderate  heating  of  the  pentachloride  in  dry  H, 
and  by  aistilling  pentachloride  over  the  product  in  dry 
carbon  di-ozide,  the  trichloride  is  obtained. .  The  trichlo- 
ride heated  in  carbon  di-oxide  is  decomposed  into  tetrachlo- 
ride and  di-chloride,  which  latter  must  be  purified  with 
warm  dilute  nitric  acid.  (lAebig's  Ann.j  169^  1874,  860, 
344.) 


NICKEL. 


Regnault  has  determined  the  specific  heat  of  nickel.  It 
corresponds  to  an  atomic  weight  of  about  59.  (^Qmdm- 
Krautj  L  c.) 

E.  RoTHOFF :  69.09  (O  =  16) ;  369.388  (O  =  100). 

Rothoff  converted  188  parts  of  oxide  into  chloride,  a 
neutral  solution  of  which  gave  718.2  parts  argentic  chlo- 
ride. If  01=221.64,  Ag=  1349.66,  the  value  follows. 
{Berzelius'  Lehrbuch,  5,  1221.) 

P.  Bbrthier. 

Lassaigne  having  announced  the  atomic  weight  of  nickel 
at  600,  {Schwdgger^s  Jahrbuchj  9,  108,)  Berthier  re-ex- 
amined the  subject  and  found  Rothoff's  number  confirmed. 
{Berzelius'  Jahresbericht,  5,  1825, 148 ;  Annal,  de  Chhn.  ei  de 
Phys.,  eS,  1824,  148.) 

Erdmann  and  Marohand  :  68.ie  (  O  =  16);  866.9  (0 
=  100). 

Determined  "  with  all  precaution  "  by  the  reduction  of 
the  oxide  with  hydrogen.     The  results  varied  from  29.1  to 
29.3,  but  Erdmann  has  reason  to  believe  the  smaller  nomb* 
the  more  accurate.    {ErdmanrCs  Joum.  fiir  Prak,  * 
66,  1852,  202.) 


H.  Saintb-Claibe  Deville: 
100  parts  fused  aickel,  containing  three-tentba  per  cent. 
ilicon  and  one-tenth  per  cent,  copper,  gave  262  parts  anhy- 
;ro«a.  yellow  nickel  sulphate,  "  corresponding  to  the  atomic 
reight  as  given  by  Berzelius."  {Annal.  de  Ckim.  el  de  Phys., 
[8.)  4S,  1856,  182.) 

R.  ScHKEniEB:  68.06(0  =  16);  862.8(0=100). 

Determined  from  lour  analyses  of  the  oxalate.  The  car- 
(oo  determinations  were  made  by  the  ordinary  method  of 
Drgunic  analysis,  because  some  hydrocarbon  forms  when 
the  suit  is  decomposed  by  beat  alone.  The  metal  was  de- 
torminud  by  henltng  a  known  weight  ot  tho  salt  first  in  air 
ftnd  then  in  a  current  of  oxygen,  and  subsequent  reduction 
by  hydrogen.  In  the  preparation  of  the  salt  the  usual  pre- 
Bipit&te  with  aramonium  sulphide  was  washed  with  dilute 
ihlorhydrio  acid,  and  the  cobalt  separated  with  barium  car- 
lonate  and  chlorine.  From  the  nickel  salt  obtained  the 
Dicalate  was  precipitated  with  oxalic  acid.  The  number  is 
'ibe  mean  of  four  analyses;  extreme  difference,  0.082  for  0 
=  8,    {Poggml.  Ann.  101,  1857,  396.) 

C.  Mariqnac  :  69  (0  =  16). 

Mitrignac  made  two  analyses  of  the  sulphate  by  decom- 
>o«iDg  the  salt  by  heat.  The  decomposition  is  perfect.  To 
ivoid  errors  arising  from  possible  reduction  of  a  portion  of 
ibe  oxide,  it  was  moistened  with  nitric  aoid,  and  recalcined 
It  a  moderate  temperature.  The  results  obtained  were  Ni 
=«  29.2  and  29.6.  The  sulphate  was  purified  by  recrystalli- 
lation.  He  also  made  experiments  on  the  chloride  by  titra- 
lon  with  argentic  nitrate,  according  to  Petouze's  modifica- 
iOD  of  Gay-LuBBUc's  method.  Three  such  analyses  gave 
rom  29.4  to  29.6.  In  one  experiment  he  also  evaporated 
bo  Dickol  nitrate,  after  filtering  off  the  argentic  chloride, 
nd  converted  it  into  oxide  by  heat.  This  experiment  gave 
11=29.84.  The  chloride,  whether  it  be  distilled  or  caU 
ioed  with  ammonium  chloride,  ia  apt  to  leave  an  insoluble 
Bsidoe  the  weight  of  which  roust  be  deducted.  8  =  16; 
tg=108;  CI  =  36.5.  {BM.  Univ.  Arch,  des  Sctcticcs,  (2,) 
,  18S8,  37S.) 

J.  DDM48  :  69.028  (O  =  16). 
Tbo  namber  is  the  mean  result  of  Sve  experiments  on 
of  the  chloride  with  argentic    nitrate;   ex- 
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treme  difference  0.08.  Ag  =  108 ;  CI  =  85.5.  In  three 
cases  the  nickel  chloride  was  prepared  by  dissolving  fused 
nickel  in  aquia  regia,  repeated  evaporation  to  dryness  with 
HCl,  and  heating  for  from  twelve  to  twenty-foar  hours  in  a 
current  of  HCl  gas.  In  two  cases  it  was  produced  by  pass- 
ing a  current  of  chlorine  over  spongy  nickel.  The  cnloride 
analyzed  was  crystalline  and  volatile  without  residue. 
{Annal.  de  Chim.  et  de  Phys.,  (8,)  66 ^  1859, 149.) 

R.  Schneider  :  58.058  (O  =  16). 

In  consequence  of  Marignac's  criticism  (that  as  nickel 
oxalate  is  insoluble  it  cannot  be  purified  by  recrystalliza- 
tion)  Schneider  repeated  his  former  determination,  making 
special  tests  for  oxalic  acid,  sodium,  and  chlorine,  with  the 
above  result.    {Poggend.  Ann.^  107 ^  1859,  616.) 

W.  J.  Russell  :  58.738  (O  =  16 ). 

Determined  from  the  mean  of  thirteen  experiments  on 
the  reduction  of  the  oxide  in  hydrogen.  Extreme  differ- 
ence, 0.12  for  O  =  16.  The  oxide  was  prepared  from  tliree 
specimens  of  commercial  nickel,  which  were  first  converted 
into  pure  oxalate  and  thenjnto  nitrate.  The  oxide  was 
obtained  by  decomposing  the  nitrate  by  a  very  strong  heat 
(Joum.  Chem.  Soc,  (2,)  1, 1868,  61.) 

Schneider  remarks  that  a  portion  of  the  oxide  analyzed 
may  have  been  reduced  dunng  the  process  of  decomposing 
the  nitrate.  {Poggend.  Ann.y  ISO^  1867,  810.)  Marignac 
points  out  the  same  danger.  {Bibl.  Univ.^  Arch,  des  ScienceSy 
(2,)  i,  374.) 

E.  VON  SoMMARUGA :  58.026  (O  =16). 

Determined  from  the  amount  of  barium  sulphate  obtained 
by  precipitating  the  double  sulphate  of  nickel  and  potassium 
with  barium  chloride.  The  number  is  the  mean  of  six 
experiments;  extreme  difference,  0.168  for  O  =  8,  S  =  16; 
Ba  [no  doubt]  ==  68.5 ;  K  =  39.2.  The  salt  was  prepared 
by  solution  of  commercial  nickel  in  sulphuric  and  nitric 
acid,  adding  potassic  sulphate  to  the  solution,  and  repeatedly 
recrystallizmg  the  double  sulphate.  {JErdmann^s  Joum.  fUr 
Prak.  Chem.,  100, 1867, 115 ;  Sitz.-Ber.  der  k.  k.  Akad.^  1866.) 

C.  Winkler  :  59.05  (O  =  16). 

Determined  by  the  amount  of  gold  precipitated  froui  % 
solution  of  neutral  crystallized  potassium  chloro-aarate  Igr 
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a  known  weight  of  nickel.  The  number  is  the  mean  of 
four  experiments;  extreme  difference,  0.186  for  0=16, 
An  =  196.  The  nickel  was  prepared  as  follows  :  commer- 
ciid  nickel  carbonate  was  dissolved  in  chlorhydric  acid, 
cobalt  was  repeatedly  precipitated  with  sodium  hypochlo- 
rite, copper,  etc.,  were  removed  with  hydrogen  sulphide, 
the  nickel  was  precipitated  with  sodium  carbonate,  the  pre- 
cipitate dissolved  in  chlorhydric  acid,  the  chloride  sublimed 
and  reduced  in  a  current  of  hydrogen.  (Fresenius'  Zeitsch.^ 
e,  1867,  22.) 

W.  J.  KussBLL  :  58.76  (O  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  solu- 
tion of  nickel  in  chlorhydric  ficid.  The  nickel  was  that 
obtained  in  Bussell's  former  determination  of  the  atomic 
weight  of  nickel.    {Chem.  News,  20, 1869,  20.) 

R.  H.  Lbb  :  58.01  (0  =  16). 

Determined  by  analyses  of  nickel  cyanide  salts.  They 
were  decomposed  in  a  platinum  crucible  by  heat  from  above. 
The  carbon  separated  out  was  burned  off  first  in  air  and 
then  in  oxygen.  The  metallic  oxide  was  reduced  in  a  cur- 
rent of  hydrogen.  The  mean  of  six  experiments  on  the 
strychnine  salt  gave  Ni  =  58.04.  The  mean  of  six  experi- 
ments on  the  brucine  salt  gave  Ni  =  57:98.  The  salts  were 
purified  by  recrystallization.  {Berlin.  Bericht  der  Chem. 
Qts.,  4, 1871,  790.) 
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The  vapor  density  of  the  chloride  and  of  the  oxychloride, 
as  determined  by  Deville  and  Troost,  places  the  atomic 
weight  at  about  94.    (Paris  Comptes  Rend.,  66, 1863,  891.) 

H.  Rose  :  122  (0  =  16). 

Rose  deduced  the  atomic  weight  of  niobium  from  analy- 
ses of  what  he  supposed  to  be  the  tetrachloride,  determin- 
ing the  niobium  as  niobic  acid,  and  the  chlorine  as  argentic 
cmoride.  The  results,  which  varied  greatly,  indicated  the 
Talne  97.64.  [Marignac  having  proved  that  the  salt  is  a 
p«iitachloride,  this  number  becomes  122.]  Mari^ 
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that  Rose  dealt  with  a  compoand  containing  a  large  amoont 
of  the  corresponding  tantalium  chloride.  {Poggmd.  Ann.^ 
104,,  1858,  439.) 

EosE ;  Bammblsberg  :  94  (0  =  16). 

Rose  analysed  the  oxychloride,  but  did  not  recognize  it 
as  an  oxychloride.  Rammelsberg  calculated  the  atomic 
weight  from  Rose's  figures  and  found  that  the  highest  chlo- 
rine contents  corresponds  to  an  atomic  wei^t  of  94. 
Rose's  salt  must  have  been  nearly  pure  as  there  is  no  cor- 
responding tantalium  compound.  {Poggend.  AnrUy  136^ 
1869,  853.) 

R.  Hermann  :  104.8  (0  ==  16). 

Hermann  deduces  this  value  from  analyses  of  a  number 
of  chlorides  and  sodium  salts.  The  formulas  which  he 
^ves  these  compounds  are  complicated,  unlikely,  and  un- 
supported by  evidence.  Marignac  has  shewn  that  Her- 
mann's salts  contained  tantalium.  {ErdmamCs  Jownru  fUr 
Prak.  Chem.,  68, 1856,  73.) 

C.  W.  Blomstrand:  95(0  =  16). 

Blomstrand  made  three  determinations  of  the  chlorine 
contents  of  the  pentachloride,  getting  64.712  per  cent.,  ex- 
treme difference,  0.32.  He  also  made  eleven  determina- 
tions of  the  niobium  in  the  same  compound,  weighing  it  as 
niobic  acid.  100  chloride  gave  in  mean  49.794  acid.  The 
atomic  weight  calculated  from  the  chlorine  contents  is 
96.67 ;  from  the  niobic  acid,  96.16.  Blomstrand  also  made 
experiments  on  sodium  niobate  which  led  him  to  the  con- 
clusion that  the  most  probable  number  is  95.  {Omdinr 
Kraut,  S,  part  2,  73 ;  Acta  Univ.  Lund.,  1864.) 

C.  Marionac  ;  94  (0  =  16). 

Determined  from  a  number  of  analyses  of  potassium 
fluoniobate  containing  two  atoms  of  potassium.  The  com* 
pound  was  decomposed  by  sulphuric  acid  with  which  it 
was  evaporated  to  dryness.  The  residue  was  leached  wiUi 
water,  the  filtrate  evaporated  and  the  potassic  salphate 
melted  and  weighed.  The  sulphuric  acid  remaining  wttli 
the  niobic  acid  was  driven  off  by  heat  and  the  aoid  wniflhpl^ 
The  salt  beinff  readily  soluble  and  crystallizinff  ^'^^ -^**^ 
easily  be  purified  from  all  substances  except  tituu' 
Mangnac  knows  no  way  of  separating  or  ^ 
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fbe  larger  the  amount  of  titanium  present,  the  lower  will 
ti^  atomic  weight  be ;  Marignac  therefore  takes  the  highest 
»lue.  {Liebi/s  Ann.,  S.  4,  834,  288,  338;  Bibl.  Univ., 
Arch,  dti  Sciences,  SS,  1865,  SS,  1866.) 


p  determined  the  speciiic  gravity  of  nitrogen. 

Klndintes  SD  atomic  weight  slightly  above  14.     {Gnieliv- 
Krmtt,  i  e.) 

BiOT  anfi   Araoo  ;    Wollaston  :    14.03  (O  =  16) ; 
87.7  (O  =  100). 

Biot  and  Arago  found  the  Bpecific  gravities  of  N  and  H 
196918  and  0.07321.  If  H  =  13.27  the  value  follows. 
This  very  accurate  value  is  of  course  the  resalt  of  two 
(oinpeneating  errors.]    {Phil.  Trans.,  lOi,  1814,  20.) 

J.J.  BkrzeliVs;  U.i6S  (O  =  16);  88.518  (0  =100). 

Calculated  from  the  specific  gravity  as  determined  by 

l^rrelius  and  Duloiig,  compared  with  that  of  oxygen.     By 

decomposing  the  nitrate  of  lead  by  heat,  Berzeliua  also 

foond  N=  88.61  for  Pb  =  1294.498.     {Poggend.  Ann.,  8, 

_18a6,  U) 

E.  Turner:  14.16  (0  =  16). 

Determined  by  experiments  on  the  nitrates  of  lead,  silver, 
■nd  barinm,  which  were  precipitated  with  sulphuric  and 
jbydrochloric  acida,  and  gave  respectively  N^  14.201 ; 
P4.09;  14.17;  if  Ph  =  103.6;  Ba  =  68.7;  01  =  35.42;  S 
s  16.065;  the  weighings  being  reduced  to  vacuum.  The 
>]ts  were  purified  by  recrystallization.  Turner  recom- 
Dends  more  direct  methods.     [Phil.  Trans.,  ISS,  1883,  537.) 

T.  Thomsos  :  U{0  =  16). 

From  the  bypothosis  that  air  is  a  compound  containing 
fcor  part<i  of  N  tiiui  iino.  part  oxygen,  and  from  the  average 
bf  vari '  ;       .   rminations  of  the  specific  gravity  of 

yxjjgc:  !!ides  the  specific  gravity  of  oxygen 

"    til  i  i  f  N  0.9722.     These  numbers  stand 
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to  one  aoother  aa  16  to  14.  {^Erdmann's  JourtL  fur  PraL 
Cfum.,  8,  1836,  375;  BecanU  of  General  Seienee^  by  R.  L. 
Tti/jfMmj  1836, 179.) 

F.  Pe55T  :  14.018  TO  =  16). 

From  the  mean  of  three  eeries  of  experiments  (vide 
Penny's  determination  of  potassium)  it  follows  that  100 
potasBic  chloride  =  135.636  potassic  nitrate.  Penny  found 
the  molecular  weight  of  KCl  =  74.527 ;  hence  the  difference 
between  a  chloride  and  a  nitrate  is  26.560.  Similar  experi- 
ments were  made  on  the  sodium  salts.  In  four  experiments 
100  sodium  chlorate  were  found  =  54.930  chloride ;  extreme 
difference,  0.02.  In  three  experiments,  100  sodium  chlo- 
rate were  ibund  =  79.882  sodium  nitrate ;  extreme  differ- 
ence, 0.016.  In  six  experiments  100  sodium  nitrate  were 
found  =  68.771  chloride;  extreme  difference,  0.018.  In 
sovfin  experiments  100  chloride  were  found  =  145.416 
sodium  nitrate;  extreme  difference,  0.016.  These  data 
f(ivc  sodium  chloride  =  58.5,  and  the  nitrate  =:  85.068,  or 
the  difference  between  a  chloride  and  a  nitrate  =  26.568. 
rVnny  found  01  =  35.454.  If  NO, - 01  =  26.664,  N=s 
H.OIH.  Weighings  for  vacuum.   [Phil.  Trans.,  129, 1839, 25.) 

L.  HvANDKRO  :  1S,91  (O  =  16). 

Dotormined  by  four  experiments  on  the  decomposition  of 
phnnbio  nitriito  by  bent  which  gave  a  mean  of  67.4016  per 
iMMit.  oxido  ;  oxtremo  difference,  0.0087.     pf  Pb  =  206.926 
StiiH^  tho  viiluo  follows.]     {Berzelius'  Jahresbericht,  jftP,  1842, 

HA 


t 


K\  Marionao:  I4.0e  (0  =  16);  87.625  (0  =  100). 

Miirignno  nmdo  tivo  ox|>oriments  by  dissolving  a  known 
woight  of  i^ilvor  in  nitric  acid  and  melting  ana  weighing 
tho  nitrrtto  lormod.  Tho  silver  carried  out  of  the  retort  by 
tbo  viipoi'n  \vA8  i^ri'cipitatod  and  determined.  The  meaa 
ivKuU  WAit  thu(  UH^  silver  =  157.430  nitrate:  extreme 
diflxMvmv,  0.040;  or,  if  .Vjr  =  1349.01,  X  =  87.585.  Six 
c\^vrin>onti»  wort^  n\ado  by  the  decomposition  of  a  Imowu 
wv^iiht  of  sivc^MUic  nitmte  with  a  kno>nrn  weieht  of  potaans 
xblortdc  b\  iVUM^^***  metluvi.  M\>an«  100  t[C1  ss 
Aiij\*nuc  nMr^ic  ;  c\!r^Mue  dit!vrenxX\  O.IS,  Tins  giwa Hi 
S:  ^S,\  \i  K  -  4SS/>4  Ana  O:  =44a.£.  SevM 
b\  <bc  Mu>e  mt'th.si  ithowxM  tha:  100  silmr  # 


oee,  0.063;  Henco  N"  =  87.6S5.  The  weighings  are  re- 
duced to  vacuum.  (Berzetm'  Jahresberichl,  S4.,  1842,  44; 
BiU.  Univ.  de  Omhe,  46,  1842,  363.) 

T.  Andbbsok  :  13.9S  (O  =  16);  87.204  {0  =  100). 

I>et«rQiiDed  by  four  experimeutB  on  the  decomposition 

of  plumbic  nitrate  by  heat  at  a  sufficiently  low  temperature 

9  jicrmit  of  complete  decomposition.     The  number  is  the 

bean;    extreme    difference,   0.198    for   0  =  100.       Pb  = 

BW.6.     {Annat.  de  Chim.  et  de  Pki/s.,  (3,)  9, 1843,  2.'i4.) 

J.  Pklouze:  14.014  (O  =  16);  87.69  {0  =  100), 

I  A  known  vroigbt  of  argentic  nitrate  waa  brought  in  con- 
Jbct  with  a  known  and  slightly  excessive  weight  of  ammo- 
putu  chloride  and  the  excess  titrated  with  silver  solution, 
ine  experiment  gave  N  =  175.58;  a  second  gave  N  = 
fr4.78.  Ag  =  1349.01 ;  CI  =  443.2.  The  ammonium 
ploride  waa  purified  by  sublimation  and  recrystallization. 
1  Compus  JieruL,  W,  1845,  1047.) 

P.  ElSDRODT  :  mO  =  16);  87.6  (0  =  100). 

I  Experinienta  on  the  docoiupoaition  of  plumbic  nitrate  by 
[Hvo  N  =  87.5  plus  a  vanishing  quantity  if  Pb  = 
194.2239.     {Leibiu's  Ann.,  70,  1849,  286.) 

J.  Ddkas  :  14  (0  =  16). 

Dvtermiued  by  experiments  on  the  combustion  of  ammo- 
nia and  cyttQogeu.     Fartieulara  not  given.     C  =  6 ;  H  ^  1. 
IAmuU.  de  Chim.  el  de  Pht/3.,  (3,)  66,  1859,  134.) 
I  J.  8.  S1A8  :  14.044  (O  =  16). 

I  Btas  made  seven  determinations  of  the  relation  between 
pver  and  its  nitrate  by  disBolving  pure  silver  in  nitric  acid, 
n|KiratiDg  to  dryness  and  keeping  the  salt  melted  until 
Ker«  was  no  further  loss  of  weight.  In  two  of  these  experi- 
Dents  the  salt  was  melted  in  var-uo.  The  mean  result  was 
that  100  Ag  =  157.472  nitrate ;  whence  N  =  14.O4O.  Later 
Stas  made  two  more  experiments  by  the  same  method  with 
an  pofible  precautions  to  secure  accuracy.  These  gave  100 
ff.484  nitrate  and  K  =  14.042.  Bv  the  coavereion 
potassium,  eodiuni,  lituium  and  silver 
I  found  the  difference  between  a  chloride 
^a.     This  gives  N  =  14.045.     The  weigh- 


94  ATOMIC  WEIGHT  BSTSBIOVATIOXS. 

iDgs  are  reduced  to  vacnom.    CI  =  85.457 ;  Ag  s=s  107.8S. 
iHias,  Unters.  Uber  Chem.  Prop.  Leipzig,  1867.) 


OSMIUM. 


RegDaolt  has  determined  the  specific  heat  of  osmium.  It 
corresponds  to  an  atomic  weight  of  aboat  199.  {Ghndmr 
Kraut f  I.  c.) 

J.  J.  Bbbzblius  :  199.04  (O  =  16). 

Berzolius  analyzed  potassium  chloro-osmate  by  redaction 
in  a  current  of  hydrogen  and  solution  of  the  potassium 
chloride  from  the  residue.  1.8166  grammes  of  tne  double 
salt  lost  0.8805  in  reduction  and  the  residue  was  composed 
of  0.401  potassium  chloride  and  0.585  osmium.  The  atomic 
weight  may  be  calculated  either  from  the  chlorine  lost  or 
from  the  relation  of  the  chloride  to  the  metal  in  the  residue. 
Berzolius  preferred  the  latter  as  more  probably  accurate. 
[If  E  =  89.187 ;  CI  =  85.457  (Stas ;)  this  relation  give^ 
100.04.]  According  to  W.  M.  Watts,  (Chem.  News,  19, 
802)  tho  loss  of  chlorine  gives  for  Stas's  values  Os  =  199.42. 
Ilyporosmic  acid  was  separated  from  iridium  compounds  by 
distillinjur  at  a  gentle  heat.  The  first  portion  is  perfectly 
pure.  The  metal  was  precipitated  from  chlorhydiic  add 
Molution  of  hyperosmic  acid  by  mercury  and  subseqnently 
purifliHl  by  boating  in  a  current  of  hydrogen.  Potasaum 
ohlort>*osmato  was  formed  by  heating  comminuted  metil 
M\i\  KV\  in  a  current  of  chlonne.  (Poggend.  AmL,  IS,  1888, 
580  :  Kongl  VtL  Aaxit  Handl,  1828.) 

K.  Kkkmy  :  199.6S  (O  =  16) ;  1247.8  (O  =  100). 

l^uri^  \^nnun\  wa«  burned  in  a  current  of  ojjwsa  and 
tho  t\uuo«  lod  ovor  potassio  hvdrate,  by  which  uiey  are 
Al^norlHHt  An  additional  potash^  tube  did  not  increase  in 
w  oi|rht,  i  Vrk«  \voi\^  avoided.  Number  of  experiments  not 
tfiwn,  ytMmAnns  Jowm.  tiir  PrtJL  Chem.,  SS,  1844, 409; 
J.^>irn^  I*/  ?%tr»^,  ft  Ckim..  1S44.  241.> 

l^KVtti K  and  Okkray :  19S  ^O  =  16\ 

Th%^«K>  obouuM«  dot^^nnin^  tho  vapor  doMStv  n^ 
<^\\\w  aoid  by  IMuwa*'   mothod^  findii^  it  & 
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nd  8.87  at  286°.  They  hence  conaider  it  probable  tiiat 
tbe  atomic  weight  of  osmium  is  the  same  as  that  of  plati- 
num.    The  acid  was  very  pure  and  was  prepared  by  the 

n    combustion  of  metallic  osmiam  in  oxygen.     (Paris,  Compies 

h^end.,  U.  1857,  1101.) 

*  Tbe  atomic  weight  of  oxygen  ia  assumed  at  16  for  the 
reaeoQB  stated  tinder  hydrogen,  q.  v.  If  hydrogen  is  taken 
M  unity,  0  =  15.96. 


OXYGEN. 


PALLADIUM. 


alt  determined  tbe  specilic  heat  of  palladium.     It 
,iond$  to  an  atomic  weight  of  about  106.     [Gmdin- 
jpnutt,*  L  e.) 

J.  J.  Bbrzbliub  ;  106^1  (O  =  16). 

In  his  earliest  determinations  of  this  constant,  Berzelius 
itunitcd  the  metal  with  sulphur,  getting  about  711  for  S 
■  201.165;  and  decomposed  the  chloride  with  mercury, 
Jstting  704,  [711  appears  to  be  a  misprint  for  714.618  the 
Enmber  giveu  with  corresponding  data  at  Poggend.,  8,  180.] 
fa  this  investigation  a  known  weight  of  potassium  chloro- 
pallodate  was  reduced  in  a  current  of  hydrogen,  the  weight 
of  the  rettidue  determined,  tbe  potaasium  chloride  leached 
from  the  residue  and  the  metallic  palladium  weighed.  The 
doablo  salt  was  strongly  heated,  but  not  to  fusion,  in  a  current 
of  dry  air  before  weighing.  It  being  impossible  to  desiccate 
this  and  tbe  similar  platmum-metal  salts  completely  with- 
oot  decomposition,  the  atomic  weight  was  calculated  from  the 
relation  between  the  metal  and  the  KCI.  Berzelius  found 
0.576  Pd  =  0.809  KCI,  and  0.851  Pd  =  1.192  KCI.  [If  KCI 
=  74.5M  (Stas)  the  former  gives  Pd  =  106.036,  the  latter 
106.509.]  Berzelius  had  reason  to  consider  the  latter  analy- 
sis the  more  accurate.  [Poggend.  Ann.,  IS,  1828, 454  ;  Kungl 
YtL  Aead.  MatulL,  1828.) 


i^  ilTOJCIC   WZIGKI  DZXEUCI5AII0S3. 


PHOSPHORUS. 

T>ie  upecific  beat  of  this  element,  as  well  as  the  density 
of  phoffphoros  and  its  nomeroas  volatile  compoands  in  the 
^MHfjun  state,  correroonds  to  an  atomic  weight  slightly 
above  81 .    ( GmdinrKraut^  L  c.) 

V.  Rosb;  F.  H.  Wollaston  :  S6.1  (O  =  16). 

Wollaston  adopted  the  analysis  of  Bose,  who  found  that 
phosphoric  anhydride  contained  68.28  per  cent,  oxygen  and 
40,72  T;or  cent,  phosphorus.  [This  relation  ^ves  the  above 
value.]    (PhU.  Trans.,  104, 1814,  20.) 

J.  J.  Bbbzblius  :  S1M6  (O  =  16). 

Itorxolius  made  experiments  on  the  reduction  of  auric 
(!hlori(h)  and  of  argentic  sulphate  by  phosphorus.  His  re- 
milts  woro  0.8116  Pr=  18.98  A^;  0.829  P  =  8.714  An; 
0.754  I '  c=  7.98  Au.  [The  first  of  these  analyses  is  misprinted 
ill  \\\i\  original  memoir  (Gilbert's  Ann.,  63,  488).]  In  the 
lithrhuch  It  is  miscalculated  as  Buecker  has  shown.  Ber- 
r.oliuN  pn^rorrod  deducing  the  atomic  weight  of  P  from  that 
of  ni Ivor,  bo(MiU8o  the  atomic  weight  of  the  latter  was  more 
iitMMiriitoly  known  than  that  of  gold.  [If  Ag  =  107.98,  the 
(Intii  tfivo  P  =^  :U.826,  for  Au  =  196.67  the  latter  analyses 
^ivo  r  r«:U.170  and  81.166.]  In  all  the  experiments  the 
pn«oipitiitotl  motui  was  boilea  with  the  solution  when  the 
roil  not  ion  wn^  noarly  complete.  A  trace  of  gold  was 
obnorvotl  to  prtHMpituto  after  the  experiments  were  over. 
*riu»  nilvor  wa8  hoatod  to  redness  before  weighing,  fj.  P. 
Tooko,  »1r.»  ban  i^hown  (atomic  weight  of  antimonjr)  that 
nUxor  in  volatilo  at  a  nnl  beat«  Berzelius  must  therefore 
haxo  ^\^(  too  lari^^  a  rt'8u1t«]l  The  phosphorus  was  diatiUed, 
nu'ltoi)  iu  a  );:I:um»  tuln^  and  ciH>1ed  very  slowly,  to  permit 
tva*vi*  of  o\i\K>ii  to  ri;^o  to  tbo  surface,  and  the  lower  portion 
ot  ti>o  tuW  with  tho  pb\ykphoru$  broken  off  and  instandy 
>\vt»ib^sV      vf%W\'V  .<*«%,.  .v".  1S16,  4SS,  and  LekrfmckS^ 


,1   TvuMPK^  M^.y^i  ,0  —  16  :  :^XXld  tO » 100). 

\  V^^o>xn  >xv\jtht  of  ar^^r.^v"  r.^ira:^  was  brought 
tA.^  >\\'(5>  ."^  Vr.oxxn  a^'i^i  *VxC-*.'.v  cx\?osi5;:ve  weajebt € 


«gbtof  phofr    i 
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^^^te  tercbloride  waa  prepared  by  chloridizins;  finely  divided 
•  with  dry  chloriDe,  adding  finely  divided  P,  (ieeantiiig, 
fitation  with  tin  amalgam  and  rectification  over  the  same, 
he  fluid  was  colorlesa  and  did  not  give  any  precipitate 
ritb  water.     {Pom,  Comptes  Bend.,  SO,  1845,  1047.) 

V.  A.  JaWIDBLIS:     S9.83  (0  =  16);  186.438  (0  = 
100). 

Determined  by  experiments  on  the  chlorides  of  phos- 
ihoras  with  argentic  nitrate  and  plumbic  oxide.  The  re- 
lolts  are  utterly  discordant.  {Paris,  Cbmples  JSend.,  SS, 
1651,  698.) 

A.  Scdrobttdb:  81.0274  (0  =  16). 

Dotonuint'd  by  burmng  perfectly  pure  amorphous  phoa- 
pborun  in  dry  oxygen  and  weighing  the  phosphoric  anby- 
aridc.  The  number  is  the  mean  of  10  experiments ; 
Utrcmc  difierence,  0.1242.  Previous  to  burning,  the  phos- 
phorus was  heated  for  a  long  time  in  carbon  di-oxide  or 
«n.     It  was  burned  not  in   powder  but  in  lumps. 

_ irm's  Joum.  filr  Prak.  Ckem.,  5S,  1851,  435;  Sitz.- 

Bfriehl  lUr  k.  k.  Akad.,  1861.) 

B.  C.  BaoDiE:  31.31  (0  =  16). 

Three  eicperiments  made  by  oxidation  of  phosphorus 
ith  B({ua  regia  and  determination  as  magnesium  pyropbos- 
lih&td  gave  this  mean.  Brodie  seems  to  regard  these  deter- 
linations  only  as  evidence  that  the  atomic  weight  needa 
Mlotermination.     (Jbunt.  Chem.  fSoc,  5,  1852,  296.) 

J.Dumas:  81.08  (0  =  16). 

Determined  by  five  experiments  on  the  titration  of  the 

irchloride  with  argentic  nitrate.     The  chloride  was  pre- 

rod  by  the  action  of  dry  chlorine  on   amorphous  phos- 

>nu  and  distillation  after  the  chlorine  had  been  displaced 

70  di-oxide.     The  portion  distilling  between   76° 

only  woB  used.     The  number  is  the  mean  of  the 

extreme  difierence,  0.08.     Ag  =  108;  CI  =  35.5. 

■  Chiru.  et  de  Phya.,  (3,)  55,  1869,  172.) 


'A 


1"^^ 


PLATDfClL 


U^4(Mtnlt  mA  Kf/pp  faaT«  decermined  the  specific  hemt  of 
plmluum.    ft  Mifven  to  an  atomic  weight  of  aboat  197. 

J,  J,  HtKZKLiVB :  197.19  (O  =  16). 

iPtiUsrwinf'A  by  the  isaine  method  as  osmium,  q.  v.,  from 
a  Mtri^Us  exf>erimetit  on  potassium  aaroplatinate.  2.135 
IHfitttminm  chloride  accompanied  2.822  platinum.  [If  ECI 
-«  74,r#il4  (Htas,)  this  gives  the  above  value.]  The  salt  wsb 
|irii|mn;d  bv  precipitating  an  alcoholic  solution  of  platinum 
rlilorido  with  potassium  chloride,  washing  with  alcohol  and 
h<tiil/ifiK  Uf  nfdricHH  in  a  current  of  chlorine.  Berzelius  re- 
riiiirkN  that  Uio  metal  used  in  his  former  determinatiooB 
wiiN  ifiipuni.  {Poggend.  Ann.^  13^  1828,  468,  and  Lehrbuchy 
i1.  J-JJ».) 


T.  Andrkwh:  197.88  (0  =  16). 

hittnrnilnrd  by  throo  experiments  on  potassium  chle- 
miihitlniito.  Th«>  salt  was  dried  at  105^  in  vacuo,  deeom« 
umiMl  \\y  r.lno,  tho  oxoobs  of  zinc  removed  by  acetic  acid, 
ho  Hohillot)  tlltorod  off,  and  the  chlorine  titrated.  The 
luiiubor  In  tho  inoun  ;  oxtrome  difference, 0.22.  The  values 
MHHinuod  l\\r  Ac  aiui  C\  nre  not  eiven.  They  were,  most 
llkolv  MmlKtuioV     \,IiriL  Assoc.  Bq>.,  1852,  part  2,  38.) 


I 


s\  S.  Strtii  mudo  prt^{vArations  for  determining  the  atomic 
\\%'^hf  \M'  p)ufiuum«  but  not  being  able  to  produce  potas 
ii\\uu  oUKMMi^Uiiuaio  ouiirvly  freo  from  water,  and  beiiijg; 
ui\i^%s)\ia\iu%sl  with  Uun;j^nV  mothod  of  accomplishing  this 
«'\\\),  i>vii\ji;^u%'d  tho  atUMupu  Ho  made«  indeed^  three  aoalj* 
»^>«  \\x  iho  >*A\uo  mothvvl  omp!oyed  by  Berxelios,  bat  on- 
KM^«\\Atv\\  ^Ks>*  «xM  xvr,\n^univ^»u^  ihe  fe$clt&     (SIss,  Rifcr- 


M.  H.  Klapboth  ;  F.  H.  Wollaston  :  39.517  (0  = 
16). 

Klaproth  foond  that  441  CI  =  591  potassinm  oxide, 
ence  Wnllaston  deduced  the  value  491  (0  =  100)  for 
.  [If  CI  =  85.4&7.  tbia  relatioQ  gives  K  =  39.517.]  {PM. 
Vans.,  m,  1814,  20.) 


J.  J.  BEBZKI.ID8  :   39.193  (0  = 
100). 


16)  ;  244.958  (0  = 


Berzeliua  found  that  100  KCl  =  192.4  Ag  CI.  If  Ag  = 
",607;  Cl  =  442.65;  the  above  value  follows.  {Paggtnd. 
IniL,  8,  1826,  190.) 


F.  Penny:  39.073  (0  =  16). 

Penny  made  six  experiments  on  the  conversion  of  the 
iloratc  into  the  chloride.  Potassic  chlorate  wa3  dried  at 
>at  105°,  dissolved  in  a  flask  with  HCl,  evaporated,  dried 
111  weighed.  The  cake  contained  some  free  HCl.  It  was 
roketi  up,  pulverized,  and  a  known  quaDtity  heated  to  dull 
xlness  bat  not  to  fusion,  and  the  HCl  expelled  allowed  fur. 
he  mean  result  was  that  100  KCl  0,  =  60.82.1  KCl ;  ex- 
■eme  difference,  0.016.  This  relatiou  gives  KCl  =  74.527 
ad  if  CI  =  36.454  (Penny,)  the  value  for  K  follows, 
umeroua  experiments  were  also  made  on  the  introconver- 
iun  of  tbv  nitrate,  the  chloride  and  the  chlorate,  which 
itablishcd  the  difference  between  a  chloride  and  a  nitrate, 
)sides  confirming  the  value  of  K.  The  salts  were  purified 
irrecryetaHization  and  were  carefully  tested  for  impurities. 
h«  weighings  are  all  for  vacuum.     {Phil.  Trans.,  1S9, 1839, 

C.  Mariqnac  :  39.S  (O  =  16) ;  245  (0  =  100). 

By  «ix  experimeota  on  the  decomposition  of  the  chlorate 
y  heat,  100  chlorate  were  found  to  lose  39.161   oxygen ; 
treme  difference  0.012;  hence  KCl  =  932.14.     By  com- 
ing this  value  with  the  molecular  weight  and  the  compo- 
of  argentic  chloride,  CI  was  calculated  at  442.13,  leav- 
number  490.     Confirmatory  experiments  were 
licperchloride.     The  chlorate  was  purified  by 
I.     The  weighings  are  for  vacuum.     {l,iebi))'s 
23.) 


C.  Ma%i^jlc  :    »,IZ5  O  =  16  ;  344.47  (O  =  100). 

llxr^ufc  <U!ftkTiL^ei  ikji:  joomic  wdglit  of  chloriiie  from 
«trntb»9^  of  argeatie  cfaloride^  and  found  it  44S.2,  the 
m//i^i!^niar  w<;9|rfit  of  KCi  in  die  but  deCerminmtiony  gives 
K  r^  tUAAJ^  for  racoom.  Berzelins,  bj  rejecting  some 
MiSL\ytt^s%  and  the  correction  for  vacoam,  ^edaoes  the  value 
24iAtSh.  (Berzeliuy  Jala-etberiekt,  tS,  1845,  81 ;  BM.  Unit, 
ih,  (it^nHt,  ^,  1842,  350.) 

A.  Vkmvze  :  S9.1U  (O  =  16);  244.65  (O  =  100). 

A  known  weight  of  KCl  was  brought  iifto  contact  with  a 
knowfi  amount  of  silver  dissolved  in  nitric  add,  the  chlo- 
ride \mx\u;  sli/^htly  in  excess.  This  excess  was  titrated  with 
II  fliscinial  solution  of  silver.  The  number  is  the  mean  of 
t \\rm  oxporimonts.  Ag  =  1849.01 ;  CI  =  448.2.  The  chlo- 
v\i\i^  wiiN  pntpured  by  heating  the  chlorate  and  recrystalliz- 
in^  I  lilt  nmiduij.     (raria  Comptes  Bmi.,  W^  1845, 1047.) 

Acnonling  to  Polouze,  Levol  found  the  molecular  weight 
oC  KOI  4U(t.246,  which  combined  with  Marignac's  value  of 
<  'I  woiilil  f(ivc  K  =  244.645  or  S9.14S.    {Ibid.) 

Ifi.  J.  Maumknk:   S8M   (0  =  16);    248.502    (O- 
100.) 

Tho  tnoiin  of  three  experiments  on  the  decomposition  of 
\\V\  with  an  oxooms  of  argentic  nitrate  showed  that  100 
Kri  —  \n.n  AgCl.  If  Ag  =  1850.82  and  a  =448.67, 
Moooi*«tlni(  to  Miuuuoni*a  determinations,  the  number  fol* 
lown  *rho  KOI  wti8  prepared  from  the  cUorate  by  heat 
To  oohtdiu  hirt  xuluoti  for  K  and  CI,  he  made  seven  ezperi- 
luoutM  Oh  tho  d«HMm|HV!iition  of  the  chlorate  by  heat,  and 
toui\d  th«M  too  ohU^rato  pivo  60.791  chloride.  An  nnao- 
I  o\nU«^«)  tor  iho)\^ii«o  in  tho  weight  of  the  flask  occurred  in 
lU^^wo  ^v\poiuuoutH.     ^^ .4  *{•>,»/.  Je  Chim.  et  de  Pl^s.,  (1L)  18. 

\,s>MNU^ji   to  th*-^  r.'^^A^  nV    $ievoa  d^rerminalioiia,  100 
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RHODIUM. 


XOl 


e  KCl  and  allowed  for  it.     Weigh- 
!,    Ontersuch.    iiber    Ckem.    Prop., 


B  amount  of  silica 
for    vacuum. 
,.  1867.) 

I  mentions  that  Dumae,  who  waa  the  firet  to  place  £ 
19,  afterwards  became  conviaced  that  this  number  was 
'  too  low.    {Ibid,  page  818.) 


Regoault  has  determiaed  the  apeciHc  heat  of  rhodium. 
I  It  oorreeponds  to  an  atomic  weight  of  about  104.  (Omelm- 
IXraut^Lc.) 

J.  J.  Bkrzblius  :  104.3  (0  =16  ). 

Berzelius  made  two  aualjees  of  dipotassic  chlororbodiate. 
I  This  Halt  can  be  completely  desiccated  in  a  current  of  chlo- 
I  rine  utu  red  heat  without  decomposition.     3.146  grammes 
[  gave  or  reduction  in  a  current  of  hydrogen  0.930  CI,  and 
I  tb«  residue  contained  I.S04  ECl  and  0.912  metallic  rhodium. 
I  [If  KCl  =  74.594,  CI  =  35.457,  (Staa,)  the  atomic  weight  of 
the  salt  calculated  from  the  CI  contents  is  359.831,  and  that  of 
Rh  104.272.     The  relation  between  the  Rh  and  the  CI  gives 
Bh  =104.312.     The  relation  between  the  KCUnd  the  Rh 
gives  Rh  =  104.840.      The  mean   is  104.308.]     Berzelius 
made  a  second  anulysia  of  the  crystallized  salt  in  which  he 
determined  the  water  of  crystallization.     [Under  the  same 
suppoutions  and  in  the  same  order,  the  reeulting  values  for 
Kb  are  106.279  ;  104.762;  103.708.]    In  the  Lekrbach  oQ]y 
the  former  analysis  ia  used  to  deduce  the  atomic  weight. 
Bbodinm  was  separated  from  other  metals  hj  its  insolu- 
bilitv  in  aqua  regia.     The  double  salt  was  formed  by  heat- 
ing finely  pulverized  Rh  in  mixturo  with  KCl  in  a  current 
of  chlorine.     The  double  salt  was  dissolved  in  water,  pre- 
cjpitated    with   alcohol,  washed   with   alcohol    and    dried. 
(Pogsmd  Arm.,  13,1828,  4ii7;  Kongl.  Vetens.  Akad.  BandL, 
1828.) 

In  bia  earlier  determination  (Rh  =  750.68  for  O  =  100) 
,  .Berzelius  mistook  an  hydrated  oxide  tor  a  chloride,     {ibid.) 


uvt 
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Sr/v*^*^  i^ATOiiriAd  in^  fc<ecde  inac  oc  rabi£azii  chloride. 

J/^/rf  r;p';r»^l  fror/i  vs^k  meAn  of  toar  experimenta  on  the 
pt^'/^t^MfXou  ^4  the  chloride  with  ju^ntic  nitrate.  The 
t/W^-.ihf'.  'lifffereri^;^  wm  0.24.  Ag  =  107.»4;  CI  =  35.46. 
An  uu\>uth  fuixUifH  of  nibsdiam  and  potaasinm  chlorides, 
$t*'i%f\y  tfi'M  from  lithiofn  and  the  earths,  was  pArtiallj  pre- 
t')\t\iH^Mi\  with  platinum  chloride  and  the  precipitate  freed 
iroui  K('A  \fy  n;peated  boiling  with  water.  The  residue 
WM  rt^f\ur.m\  in  a  current  of  hydrogen,  thembidinm  chlo* 
ri/|(«  i^nlnu'.i4^^\  with  water,  and  reprecipitated  with  platinum 
"Morld^t.  ThiN  procc'ss  was  repeatea  until  the  potassium 
hiMiM  111  thif  Mp<i(!trufn  disappeared.  The  rubidium  was  then 
riiuvi*i'Uu\  into  II  riiixturo  of  carbonate  and  oxide,  and  the 
MiMMiniii  mi|iiiriiio(|  by  extraction  with  alcohol.  The  amount 
fil'  pi)tvor  priM<||iluu.o(l  wttH  also  tested  from  time  to  time  and 
IIm*  iiurilliMillnti  oontinuod  till  this  became  constant.  {Pog- 
y*m/.  HiMi.,  /A/.  1N<U,;)80.) 

J.  PuuiAun:  Sfi.-ll  (0  =  16). 

MotoiiulniMl  bv  four  utuilvi^os  of  rubidium  chloride  with 
lU'tf^MUlo  lUlnito.  Tho  nuint)or  is  the  mean;  extreme  diflfer- 
\^\w\\  \^.W.  Tho  Hoimrution  of  potassium  from  rubidium 
\Mi«  o(Uv<o«l  \W  <bo  ilidoivnt  unalysos  by  6,  7,  and  8  succes- 
<i(\o  (mmUiO  pivoipiuition^  with  platinum  chloride,  and  the 
«*»|^U'*ulou  \\{  oaoi^iuin  by  thirty  suovHjessive  extractions  of 
\ \sy^  »\\\\\\  \\\-y^\\^  \^\rh\^\\rkU'^  with  wnrm  al>$olute  alcohol.  The 
«sU  Hu?^K«o^l  wrt*  »jHvti\VixvpioAlly  puro.  Ag  =  107.94; 
\'t    -  :*>  i\^       V\w  <^\^''ri\\\cxMs  worv>  made  with  Bunaen's 
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R.  Godbfprot:  85.476  {0  =  16). 

Determined  by  four  analyses  of  rubidium  chloride  prepared 
and  analysed  exactlyas  Godeffroy  determined  cseaium,  q.  v.; 
I  extreme  difference,  0.04.     01  =  35.5;  Ag  =  108.     [Liebig's 
i.^wi.,iW,  1877,  189.) 


I 


RUTHENIUM. 

Buneen  has  determined  tbe  specific  heat  of  ruthenium. 
I  It  corresponds  to  an  atomic  weight  of  about  104.  {Gmelin- 
I  Kraut,  i  c.) 

C.  E.  Glads:  lOi-oT  (0  =  16). 

Determined  from  three  analyses  of  potassium  chlororuthe- 
Diate  by  tbe  same  method  Berzelius  had  employed  for  other 
platinum  metals.  Glaus  found  an  average  of  28.783  per 
cent.  Ru ;  extreme  difference  0.48,  and  41.063  KGl ;  ex- 
treme difference,  0.51.  [If  K  =  39.137,  CI  =  35.457 ;  this 
composition  gives  Ku  =  104.57.  Tlie  weighings  as  given 
in  the  memoir  are  misprinted,]  Clans  also  determined 
the  chlorine  with  silver;  tbe  results  were  such  as  to  show 
that  the  salt  was  not  anhydrous,  though  it  bad  been  dried 
at  200°  in  an  atmosphere  of  Ci.  The  salt  was  prepared  by 
the  evaporation  of  a  solution  of  ruthenium  and  potassic 
hydrate  in  aqua  regia,  solution  of  other  chlorides  of  Ru  in 
dilute  HCl,  and  removal  of  basic  compounds  by  mechanical 
concentration  in  water.  Glaus  later  takes  the  atomic 
weight  of  Ru  =  104.  In  this  memoir  he  puts  it  at  651.387 
(0  =  100,)  JOi.SS  (0  =  16,)  without  mentioning  the  values 
of  K  and  CI.     {Poggend.  Ann.,  63,  1845,  218.) 


Reinault  determined  the  specific  heat  of  selenium,  which 
BcoroB  with  an  atomic  weight  of  about  79.     {Omelin- Kraut, 
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^^*// '%  Mxi4^.r\uj(t*Vk  ^OH  Terr  £i«ordaac.  He  made  three 
•^n\f^f\iu»'uU  ^fth  U.^  r^o/cti<tt  of  a  known  weight  of  sele- 
^^//'^jf  M/  >/l  vs^i^'h  arrirri/yniam  tdralphite  and  chlorhjdric  acid. 
'\St*^  nt^'Otft  fMtfilt  WM  H^ ^490.38;  extreme  di&renee,  5.5. 
f^f  f/^iff  uMiH-yttntfUtM  t/ariam  teleniate  was  decomposed  by 
Jm'MH/ii;  1^9  Nf/iri^TMi  with  salpbaric  acid  in  excess.  The  salt 
WII0  toithii  Up  f'ouiatu  41.95  telenions  acid ;  extreme  differ- 
hiitut  ilM.  Kor  Ha  »  856.877  the  resulting  value  is  491.49. 
1'liit  Mulniiliirri  wfm  |Mirifiod  by  solation  in  nitric  acid,  evap- 
iiMilloii  hihI  MMlflirnfition,  and  by  reduction  with  HCl  and 
MiiMMiiii)iiiii  lilMitlpliito.  Bolcnious  acid  was  prepared  by 
ii«liliillnii  with  iiliriti  licid.  Barium  seleniate  was  prepared 
|i,V  |iriMtiiitliitloii  of  barium  nitrate  with  sodium  seleniate  and 
iiMiillMtf  Id  rtMlhONM.  Haoo  regards  490.8  as  the  most  prob- 
k\U\\\  viUuit  oi'  Ho.    (AnnaL  dc  Chim.  etdePhya.^  (S,)^!,  1851, 

A   H^^iiwoKtTKn:  7M  (0  =  16). 
<MhU*  u\^^  )5lvxm.     ^Ar»77»V  JiiArwAmc A/,  4, 1851,  818; 

Kh\v>fcvHN    ^M^   MaKvHxnp:    TS.6    v*>  =  16J-    49±5 
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0.  Pbttkrbsos  and  G.  Ekman  :  79.08  {0  =  16). 

Detertninod  by  five  analyses  of  eelenious  acid.  A  warm 
eolotioD  of  the  acid  was  acidified  with  chlorhydric  acid, 
precipitated  with  sulphurous  acid  and  the  selenium  collected 
on  tt  f(\a»a  filter.  Many  precautious  are  necessary  iu  the 
precipitation  and  drying.  The  value  is  the  mean ;  extreme 
difierenco.  0.04.  {Berlin,  Berickl  der  Chem.  Ge3eU.,9, 1876, 
1212;  in  extenso  in  the  Acta  of  the  Scitmtifia  Soc.  of  Vpsala.) 


SILICON. 


The  vexed  question  of  the  composition  of  silicic  acid  haa 
beeu  settled  by  H.  F.  Weber,  who  found  that  the  specific 
heat  of  this  jelement  becomes  nearly  constant  above  200° 
and  that  the  atomic  heat  is  5.8  for  Si  =  28.  (Poggend. 
Am.,  m,  1875,  575.) 

J.  J.  Bbrzelius  :  39.63  (0  =  16) ;  186.19  (O  =  100). 

100  parts  of  oilicon,  which  had  been  heated  to  redness, 
aod  freed  from  silicic  acid  by  hydrofluoric  acid,  gave  208 
parts  silicic  acid,  whence  the  value.  Berzclius  also  made 
moaiyses  of  barium  fiuosilicidc  from  which  he  calculated 
the  oxygen  contente  of  the  acid  at  51.976.  This  gives  for 
the  atomic  weight  of  Si  S9.68.  {Poggend.  Ann.,  8, 1826,  20 ; 
sod  Lthrbuch,  S,  1200.) 

J.  Pelouze  :  S84S  (0  =  16);  177.88  (0  =  100). 

A  known  weight  of  perfectly  pure  silver,  dissolved  in 
nitric  scid,  was  brought  in  contact  with  a  known  and  slightly 
tticceeeive  weight  ot  silicon  tetrachloride  and  the  excess 
titrated  with  decimal  silver  solution.  The  value  is  derived 
from  the  mean  of  two  experiments;  difference  0.76  for  O 
=  100 ;  01  =  448.2,  Ag  =  1349.01.  The  chloride  was  pre- 
pared by  Ehelmen  ;  it  was  perfectly  transparent,  volatilized 
wilhoDt  residue,  and  had  been  dried  for  a  long  time  in  a 
vacDom.     iBrrit,  Cumples  Raul.,  SO,  1845,  1047.) 

J.  Dumas:  28.02(0  =  16). 

T)**"»TUDed  from  the  mean  of  two  experiments  on  the 
t  *ido  which   was  weighed  off  in  a  glass  bulb  and 
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introdaced,  so  encloeed,  into  a  Teaael  ceotuning  water. 
The  balb  was  broken  and  the  chlorine  contents  titrated  with 
argentic  nitrate.  The  difference  between  the  experiments 
was  0.2  for  O  =  16,  Ag  =  108,  CI  =  35.5.  The  chloride 
was  repeatedly  rectified ;  its  boilingpoint  was  59^.  {AwmL 
de  Ckim.  et  de  Phys.,  (3,)  55, 1859, 129.) 

J.  ScHiEL :  28.01  (O  =  16). 

Determined  by  two  analyses  of  the  tetrachloride.  The 
salt  was  decomposed  with  a  slight  excess  of  ammonium 
hydrate  and  the  chlorine  titrated  with  argentic  nitrate. 
The  atomic  weights  of  CI  and  Ag  used  are  not  stated. 
Schiel  found  0.6788  silicic  chloride  =  2.277  ar^ntic  chlo- 
ride,  and  1.8092  silicic  chloride  =  4.418  argentic  chloride. 
[For  Ag  =  107.98,  CI  =  85.457,  these  data  give  Si  = 
28.18,  and  27.89.]    {lAebig's  Ann.,  ISO,  1861,  94.) 


SILVER. 


Dulong  and  Petit,  Regnault  and  others  have  determined 
the  snecific  heat  of  silver  and  found  it  in  accord  with  an 
utoiiuc  wuight  of  about  108.     {Gmelin-KrauL,  L  c.) 

Mauokt;  Davy;  Wenzel;  Wollaston. 

WoIhiBton  in  his  table  of  equivalents  mentions  that  Marcet 
found  441  CI  =  1850  silver,  and  Davy  the  same  quantity  of 
ohlorino  ==  1300  silver.  Wcnzcl  found  200  sulphur  =  1860 
silver.    {VhiL  Tnms,,  104,  1814.  21.) 

J.  J.  HRwy.KLUTS:  103.1^9  (0  =  16);   675.804  (0  = 
lOOl 

Ueraelius  found  that  100  silver  c;ivo  132.75  argentic  cUo- 
ride.  Taking  01  =  2il.Si:>  he  oaleulates  Ag  =  1851.607. 
He  e\pr\^»^o»  unoertnJuty  whether  or  no  this  value  should 
not  W  r^nhuxsl  to  one  half,     ^  /\y7f?hf,  Ann,,  8,  1826, 180.) 

K.  TlRNKK  :   lOS  vO  =  liv. 

Tumor  dotonuinisl  the  vvn\jv\iiition  of 
at  UV  *iKvr  to  lSv\S  ohlorido.      Thi>$e 


If  CI  =  36.42  (Turner)  the  value  foUowB.     {Phil. 
5.,  les,  1838,  686.) 

F.  Pesky:  107.97  (O  =  16). 

Ponnj  made  nix  expopimenta  on  the  convereion  of  silver 
into  iiitrnte.  The  silver  wae  dissolved  in  cold  nitric  acid, 
Iho  solulioii  evaporated,  and  the  nitrate  fused  all  in  one 
flask  and  with  precautions  against  loss  by  spiriting.  He 
foond  100  A^  =  157.441  nitrate:  estreme  difierence,  0.028. 
In  five  experinicntB  the  nitrate  from  the  preceding  determi- 
ttattona  was  converted  into  chloride,  by  means  of  chlorhy- 
dric  acid,  iti  the  same  flask,  dried,  fused,  and  weighed. 
Penny  could  detect  no  decomposition  in  fusion.  He  tound 
100  Ag=  132.8372  chloride;  extreme  difference,  0.01.  In 
two  ex[>eriment8  silver  was  dissolved  in  nitric  acid,  precipi- 
tated with  chlorhydric  acid,  evaporated  and  fused,  giving 
13*2.830  and  IS'2.638.  The  mean  of  all  seven  experiments 
ia  132.886.  Penny  takes  182.837.  From  the  relations  of 
the  chlorides,  chforates,  and  nitrates  of  potassium  and 
sodium,  Penny  had  determined  the  difference  between  the 
atomic  weights  of  a  chloride  and  u  nitrate  at  26.565.  This 
gives  the  molecular  weight  of  argentic  chloride  at  143.424 
and  Aji  =,  107.97.  The  silver  used,  as  well  as  the  water 
and  the  acids,  were  carefully  tested  for  impurities  and  a 
mtnuto  amount  of  solid  residue  in  the  twice  distilled  water 
and  in  the  acids  was  allowed  for.  The  weighings  were  all 
reduced  to  vacuum.    (Phil.  Trans.,  1S9,  1839,  27.) 

C.  Mabionac  :  108  (0  =  16) ;  675  {0  =  100). 

Silver  was  dissolved  in  nitric  acid  and  precipitated  with 
chlorhydric  acid.  One  experiment,  reduced  to  vacuum, 
gave  100  silver  =  132.74  chloride,  which  Marignac  consid- 
«red  confirmatory  of  Berzelius'  value,  1.S2.75.  Be  therefore 
adopted  tlie  latter  number.  100  potassic  chloride  were 
foand  to  produce  192.26  argentic  chloride,  in  two  experi- 
ments, the  difference  between  which  was  O.Ol.  By  analysis, 
Inr  means  of  heat,  of  potassic  chlorate,  Marignac  had  found 
"£e  molecnlar  weight  of  the  chloride  932.14,  these  relations 
jive  the  molecular  weight  of  argentic  chloride  at  1792.13 
md  the  atomic  weight  of  silver  at  IS-SO.  The  potassic 
bbloride  wn*i  prepared  by  beating  the  chlorate  and  cooling 
"'  V  niaulting  chloride  over  sulphuric  acid.  {Liebig's  Ann., 
,  3842,  23.) 


108  ATOMIC  WEIGHT  BBTEBMINATIONS. 

C.  Marignao  :  107 MS  (O  =  16);  674.606  (O  =  100). 

Marignac  redetermined  the  relation  between  silver  and 
potassic  chloride  by  Pelouze's  method.  He  fonnd  100  Ag 
=  69.062  KCl  in  six  experiments,  the  extreme  diflference 
between  which  was  0.018.  In  five  experiments  he  fonnd 
100  KGl  =  192.848  Ag;  extreme  difference  0.04.  He  also 
redetermined  the  composition  of  argentic  chloride.  The 
silver  was  dissolved  in  a  long-necked  flask  and  the  fumes 
passed  into  a  second  flask  containing  water.  Solution  being 
effected,  the  water  from  the  second  flask  was  added  to  the 
contents  of  the  first,  and  the  whole  precipitated  with  HCl. 
The  chloride  was  washed,  dried,  melted  and  weighed  in  the 
same  fiask.  The  result  was  100  Ag  =  182.84  chloride; 
extreme  difference  0.019.  Combination  of  these  data  with 
Marignac's  old  value  for  the  molecular  weight  of  KCl, 
982.14,  gives  Ag  =  1349.01.  All  weighings  reduced  to 
vacuum.  Berzenus  revised  the  result  bv  throwing  out  one 
experiment  and  by  rejecting  the  correction  for  vacuum. 
He  thus  got  Ag  =  1349.66.  {BerzeUu^  Jakresberiehty  SJ^ 
58 ;  £6 J  31 ;  Bibl  Univ.  de  Qenive,  46, 1842,  850.) 

In  opposition  to  Front's  hypothesis,  Marignac  cites  bis 
analyses  of  argentic  acetate,  in  which  the  escaping  gases 
were  forced  to  pass  over  porous  silver.  They  gave  in  tiiree 
experiments  64.664  silver  from  100  acetate;  extreme  dif- 
ference 0.005.  If  C  =  75,  this  gives  Ag  =  1849.6.  He 
also  found  100  Ag  =  157.455  nitrate.  riDF  M*  =  87.5,  this 
gives  Ag  =  1848.88.]  He  also  found  100  Ag  =  49.556 
ammonium  chloride.  {Liebig's  Ann,,  69,  284;  BibL  Univ. 
de  Genhe,  1846.) 

LiEBiG  and  Eedtenbaoher  ;  Stbbokbb  :  107.90S  (O 
=  16) ;  674.395  (O  =  100). 

Btrecker  recalculated  Liebig  and  Redtenbacher's  analyses 
of  argentic  acetate,  tartrate,  racemate  and  malate  by  the 
method  of  least  squares,  and  from  the  difference  in  the 
atomic  composition  of  these  salts.  He  obtained  for  Ag  the 
value  1848.79.  Tide  Carbon.     {Liebig's  Ann.,  69, 1846,  280.) 

E.  J.  MaumeniS:   108.0^6  (0  =  16);   675.16   (O  = 
100). 

In  four  experiments  areentic  oxalate  was  mixed  with  nnd 
in  a  flask  and  decomposed  by  heat  in  a  current  of  air.    The 
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prodacta  of  decomposiUoo  were  passed  over  cupric  oxide, 
Bod  through  drying  tabea  and  potash  tubes.  In  five  experi- 
ments the  acetate  was  treated  in  the  same  way,  but  not 
mixed  with  eaad.  The  mean  result  was  Ag=  1350.32; 
extreme  difference  0,77.  Maumene  found  it  very  difficult 
to  purify  the  oxalate,  whieh  showed  traces  of  nitric  aeid 
after  100  washings.  {Annal.  de  Chim.  el  de  Pkys.,  (8,)  18, 
1846,  41.) 

J.  8.  Stas  :  107.93  (0  =  16). 

Thirteen  Byntheses  of  argentic  iodide,  performed  by 
bringing  hydroiodic  acid  in  contact  with  argentic  sulphate 
or  nitrate,  gave  100  Ag  =  117.5343  iodine.  Three  analyses 
of  argentic  iodute,  performed  by  decomposition  by  heat  in 
ft  curi^nt  of  nitrogen  or  by  reduction  of  the  salt,  while  in 
BuxpensioM,  by  a  current  of  sulphurouu  anhydride,  gave 
Agl  =  2«4.779.  Hence  Ag  =  107.928.  Four  syntheses  of 
the  bromide,  performed  by  bringing  bydrobromic  acid  in 
contact  xvilh  argentic  sulphate,  gave  100  Ag  =  74.0806  Br. 
Two  analyses  of  argentic  bromate,  by  reduction  while  in 
easpenston  with  euIphurouB  anhydride,  gave  Ag  Br  = 
187.87.  Hence,  Ag  =  107.921.  Seven  syntheses  of  argen- 
tic chloride,  three  of  them  by  combustion  of  silver  in  chlo- 
rine, three  by  precipitation  with  HCl,  and  one  by  precipita- 
tion with  ammonium  chloride,  gave  100  Ag  =  32.8446  CI, 
Slaa  adopts  the  number  32.86  on  the  supposition  that  no 
excess  oi  chlorine  was  possible.  The  chloride  was  liised. 
Two  analyses  of  the  chlorate,  accomplished  by  heat  or  by 
evaporation  with  chlorliydric  acid,  gave  Ag  Cl  =  143.S96. 
nonce  Ag  =  107.037.  Five  syntheses  of  the  sulphide,  per- 
formed by  heating  silver  in  a  current  of  sulphur  vapor,  or 
of  hydrogen  sulphide,  gave  100  Ag  =  314.8622  argentic 
sulphide.  Six  analyses  of  the  sulphate  by  reduction  in  a 
currant  of  hydrogen,  showed  that  100  sulphate  contained 
69.203  silver,  hence  Ag  =107.920,  [107.926  ?  vide  Sulphur.] 
From  analysis  of  potassium  chlorate.  Stas  had  determined 
the  molecular  weight  of  KCI  at  74.59.  By  twenty-four 
determinations  he  found  100  Ag=  69.103  KCI,  hence 
Ag=  107.948.  The  silver  was  prepared  either  by  Levol's 
method  or  by  decomposing  an  ammoniacal  solution  of 
•rgentic  nitrate  with  a  mixture  of  ammonium  sulphite  and 
a  copper  salt.  The  metal  was  heated  to  the  boihng  point 
until  the  sodium  line  disappeared  and  the  metallic  fumes 
were  a  pale  blue.  To  test  its  purity,  it  was  compared  with 
iHwillert  silver.    See  Stas's  determinations  of  Cl,  Br,  I,  S, 
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and  K.    AH  weighings  redaoed  to  Tacoam.     (SSftu,  Untar* 
jic^A.  aber  Cktm,  Prop.^  Ldpzig^  1867.) 


SODIUM. 


The  epecific  heat  of  aodiam  has  been  detemuned 
naolt  and  indicates  an  atomic  weight  of  aboat  23.     ( 
Kraut,  L  c.  i 

a  Datt  ;  F.  a  WoLLASTOS :  2S£8  (O  =  16) ;  145.5 

iO  =  100). 

Darv  found  that  134  CI  combine  with  88  Xa  to  form 
todinm  chloride.  If  CI  ^  441,  the  Taloe  follows.  (PAiZ. 
Jroiw.,  104j  1814,  20.) 

J.  J.  Bebzeuus  :  2SJ6i  {O  =  16). 

Berzelias  foond  that  100  Xa  CI  =  244.6  Ag  CI.  [If  Ag 
a  =  143.387,  (Stas.)  the  value  follows.]  {Pdffgml.  Am.,  *, 
1826,  189.) 

F.  PExyr :  23.046  (O  =  16). 

Penny  made  four  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride  by  means  of  HCI.  A  known 
weight  of  the  salt  was  dissolved  in  a  flask  in  the  acid  and 
evaporated,  dried  and  weighed  without  removal.  The 
sodium  chloride  was  not  fused.  The  mean  result  was  that 
100  chlorate  equals  54.930  chloride;  extreme  difference,  0.02. 
This  relation  ^ves  the  molecular  weight  of  the  chloride  at 
58.5.  Penny  had  found  the  atomic  weight  of  CI  =?  35.454; 
hence  the  value  for  Xa.  [If  CI  =  35.457  (Stas,)  Nas 
23.043.  Stas  himself  found  23.043.]  The  sodium  chlorate 
was  prepared  by  precipitating  potassium  chlorate  witii 
sodium  bitartrate,  and  purifying  the  sodium  chlorate  bv 
recrystallizatiou.  The  weighings  are  for  vacuum.  (Phi 
Trans,,  129,  1839,  25.) 

J.  Pelouze  :  22.97  (O  =  16) ;  143.59  (O  =100). 

A  known  weight  of  perfectly  pure  silver  was  i^ 
in  nitric  acid,  and  brought  in  contact  with  a  kiK 
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liglitly  excessive  weight  of  Bodium  chloride,  and  the  exceBS 
itratoa  with  ducimiil  silver  Bolution.  The  mean  result  of 
bree  vxperimi^ntB  was  that  100  Ag  =  51.141  Na  CI ;  ex- 
reme  difference,  0.033.  The  value  follows  for  Ag  = 
1849.01;  CI  ^443.2.  The  sodium  chloride  was  prepared 
ither  from  sodium  sulphate  and  harium  chloride,  or  from 
odium  carlxiDate  and  chlorhydric  acid,  or  from  a  very  pure 
ock  salt  It  was  repeatedly  recrjatallized  and  was  dried 
t  200°  or  melted.     {Paris  Cbmpks  Hcnd.,  SO,  1846, 1047.) 

J.  CcUAs:  28.011  (0  =  16). 

Determined  from  the  mean  of  seven  experiments  on  the 
rlration  of  sodium  chloride  with  argentic  nitrate;  extreme 
Bfference,  0.09.  Ag  =  108 ;  Ct  =  85.5  [Dumas  gives  the 
Dean  as  23.014  instead  of  23.0114.]  For  five  experiments 
Jtt  01  recrystallized  ten  times  and  melted  waa  employed, 
^or  two  experiments  (giving  an  average  of  23.036)  the 
esiduo  from  the  inciueration  of  the  acetate  was  used  to 
ircparo  Na  CI,  which  was  recrystallized  four  times  and 
neltftd.     {Annul,  de  Chim.  el  dt  Phys.,  (3,)  56,  1859,  129.) 

J.  a.  Stab:  28.043(0  =  16). 

According  to  the  mean  of  10  determinations  100  Ag  = 
i4.2078  Na  CI ;  extreme  difference  0.0033.  The  eodmm 
Itloride  was  found  to  contain  a  minute  quantity  of  silicic 
icid  which  reduces  the  result  from  Na  =  23.049  to  28.045 
or  Ag  =  107.93;  CI  =  35.457.  According  to  the  mean  of 
ivc  determinations  100  Na  CI  ^  145.4526  sodium  nitrate  ; 
atremc  dift«rence  0.025.  If  N  =  14.044  this  gives  Na  = 
18.045.  The  lowest  determination  gives  Na  =  23.042.  The 
odium  chloride  was  purified  by  recrystalUzatioQ  and  in  part 
ly  conversion  into  sodium  chloroplatinate.  The  weighings 
re  for  vacuatn.  {Sias,  Unlermch.  Uber  Chem.  Prop.,  Leip- 
fr.  1867.) 


STRONTIDM. 


Bogiiault  determined  the  specific  heat  of  strontium  cblo- 
le.  It  correeponda  to  an  atomic  weight  of  about  87.&. 
""   Kraul,  i  e.) 
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M.  H.  Klapboth  ;  F.  H.  Wollaston  :  94.4  (O  =  18) ; 
590  (O  =  100). 

Klaproth  found  42  sulphuric  anhydride  =  58  Btrontiiim 
oxide ;  whence  the  value  for  S  =  200.  {FhiL  TYma.,  104f 
1814,  20.) 

F.  Strombybr  ;  87.34,  (O  =  16) ;  545.929  (O  =  100). 

According  to  Berzelius,  Stromejer  found  that  100  stron- 
tium chloride  =  181.25  argentic  chloride ;  whence  the  valae, 
for  Ag  =  1849.66;  01  =  221.64.  {Berzelius^  Lehrbuch,  S, 
1229.)  In  GUberfs  Ann.,  64^  1816,  251,  Stromever  refers  to 
this  analysis  as  by  Y.  Rose.  Stromeyer  himself  foond  0.5 
grm.  carbonate  =  75.5894  c.  c.  carbon  di-ozide  [which 
gives  Sr  =  88.26  if  1000  c.  c.  carbon  di-ozide  weigh 
1.96488  grm.]  Stromeyer  calculated  Sr  =  552.28  for  0  = 
100. 

— .  Salvetat  :  88  (O  =  16) ;  560  (O  =  100). 

Determined  from  the  loss  of  weight  of  strontium  carbo- 
nate by  calcination  and  on  driving  off  carbon  di-ozide  with 
sulphuric  acid.  Details  not  given.  {Paria  Oomptes  Send., 
17, 1848,  818.) 

J.  Pelouze  :  87.68  (O  =  16) ;  548.02  (O  =  100). 

A  known  weight  of  perfectly  pure  silver  was  brought  in 
contact  with  a  known  and  slightly  ezcessive  amount  of  ' 
strontium  chloride  and  the  ezcess  titrated  with  decimal 
silver  solution.  The  number  is  the  mean  of  two  ezperi- 
ments;  extreme  difference,  0.2:  Ag  =  1849.01;  01^= 
443.2.  The  chloride  was  purified  by  recrystallization  and 
was  dried  at  200^  or  below  redness.  {Paris  Oomptea  Bend., 
W,  1047.) 

C.  Marignac  :  87.54  (O  =  16). 

Marignac  made  experiments  on  three  different  prepara- 
tions of  strontium  chloride,  (1,)  (2,)  (8.)  Compared  with 
silver  by  Pelouze's  method  it  was  found  that  ten  grammes 
strontium  chloride  =  (1)  8.103 ;  (2)  8.099 ;  (8)  8.101  silver. 
The  same  strontium  chloride  converted  into  sulphate  gave 
(1)  6.887 ;  (2)  6.8855 ;  (8)  6.884  sulphate.  In  both  tibete 
series  of  experiments  the  strontium  was  weighed  as  aii^ 
dried,  hydrous,  crystalline  chloride.     Comparison  givM  Sr 
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=  (1)48.79;  (2)48.82;  (8)48.77.  In  each  experiment  of 
the  latter  series  the  water  was  determined  by  driving  it  off 
at  a  red  heat.  It  was  proved  that  the  chloride  does  not 
undergo  decomposition  at  this  temperature,  and  the  water 
contents  was  found  to  vary  no  more  than  0.0005  of  the 
total  weight.  In  three  more  experiments  the  water  was 
determined,  and  the  anhydrous  salt  analysed  by  Pelouze's 
method  giving  (1)  48.77 ;  (2)  43.74 ;  (3)  43.76.  Ag  =  108 ; 
CI  =  86.5 ;  8  =  16.  The  chloride  was  prepared  (1)  from 
the  chemically  pure  chloride  of  commerce  by  precipitating 
barium  with  sulphuric  acid,  separation  of  lime  bv  precipi- 
tation of  the  strontium  chloride  by  HCl  gas  and  washing 
with  chlorhydric  acid.  The  purity  was  tested  by  the  solu- 
bility of  a  portion  converted  into  sulphate.  The  chloride 
was  finally  redissolved  and  precipitated  with  alcohol.  (2) 
was  prepared  from  (1)  by  a  repetition  of  the  same  process. 
(8)  wap  prepared  from  (2)  by  recrystallization.  {Bibt.  Univ.j 
Arch,  des  Sciences,  (2,)  i,  1858,  220.) 

J.  Dumas  :  87.52  (0  =  16). 

Determined  from  the  mean  of  six  experiments  on  the 
analysis  of  strontium  chloride  with  argentic  nitrate.  The 
extreme  difference  was  0.14,  CI  =  85.5 ;  Ag  =  108.  The 
salt  was  purified  by  boiling  with  sulphuric  acid,  and  pre- 
cipitation with  and  recrystallization  from  chlorhydric  acid. 
These  processes  were  in  some  cases  several  times  repeated. 
The  pure  salt  was  fused  in  a  current  of  HCl  gas.  [Annal. 
de  Chim.  et  de  Phys.,  (8,)  55, 1859, 129.) 


SULPHUR. 


Deville  and  Troost  and  others  have  determined  the  den- 
sity of  sulphur  in  the  gaseous  form.  It  corresponds  to  an 
atomic  weight  of  about  82.  The  specific  heat  of  sulphur 
also  agrees  moderately  well  with  this  value.  {Gmelin-Kraut, 
L  c.  ;  L.  Meyer,  L  c.) 

J.  J.  Berzelius;   F.  H.  Wollaston:  32  (0  =  16); 
200  (0=  100). 

According  to  Wollaston,  Berzelius  found  that  plumbic 
sulphide  was  composed  of  86.64  lead  and  13.36  S.     Hence 
the  value,  for  lead  =  1295.     {Phil  Trans.,  lOJ^,  1814,  20.) 
8 
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J.  J.  Be&zelius  :  Se.l9  (O  =  16)  201.165  (O  =  100). 

A  known  weight  of  lead  was  disoolved  in  pare  nitric  mcid, 
precipitated  with  sulphuric  acid  and  evaporated.  The  mean 
result  of  four  experiments  was  that  100  Pb  =r  146.44  suU 
phate.  The  variation  was  only  in  the  fifth  figure.  l£  lead 
=:  1294.498  the  value  follows.  [If  this  relation  is  recalcola* 
ted  with  Stas's  atomic  weight  of  lead,  S  =  32.096.]  {JPoj^end. 
Ann.  8j  1826, 16.) 

E.  TuENBR :  82.17  (O  =  16). 

Determined  from  syntheses  of  plumbic  and  baric  sul- 
phates. The  former  gave  16.083,  the  latter,  16.087.  Ba  r= 
68.7,  Pb  =  108.6.  The  numbers  are  for  vacuum.  Vide 
Barium  and  Lead.     {Phil.  Trans.,  ISS,  1888,  689.) 

T.  Thomson  :  SS  {0  =  16) ;  200  (O  =  100). 

This  chemist  found  the  specific  gravity  of  sulphurous 
acid  in  mean  of  two  experiments,  2.22216,  almost  exactly 
double  1.1111  which  he  takes  (on  utterly  untenable  grounds) 
for  the  specific  gravity  of  oxygen.  iJbrdmanrCs  Jounu  fiir 
Ptak.  Chem.,  <9,  1886,  870;  Becards  of  Qeneral  Science  by  R 
D.  Thomson,  1886, 179.) 

Erdmann  and  Marchand  :  Se.004,  (O  =f  16) ;  200.026 

(O  =  100). 

Determined  by  four  experiments  on  the  decomposition  of 
mercuric  sulphide  by  copper,  in  a  current  of  carbon  di- 
oxide, the  mercury  being  caught  in  a  cold  receiver.  The 
mean  composition  was  found  to  be  for  vacuum  86.211  mer- 
cury and  18.789  sulphur,  extreme  difierence,  0.017  Hg.  If 
Ilg  =  1250.6,  the  value  follows.  In  purifying  the  sulphide 
it  was  first  heated  to  drive  off  excess  of  sulphur  and  then 
sublimed  three  times,  the  first  and  last  portions  of  the  sub- 
limate  being  rejected.  {Erdnvann^s  Jowm.  fUr  HxUl  CkenLj 
SI,  1844,  896.) 

J.  J.  Berzblius  :  SS.IS  (O  =  16) ;  200.76  (O  =  100). 

Horzclius'  former  value,  201.165,  is  changed  by  the  new 
value  for  lead,  1294.645  to  200.8017.    Three  new  exj^ri- 
montH  were  made  by  gently  heating  argentic  chlcnide  id  a 
current  of  hydrogen  disulphide.    Thejnean  of  three  O*    J 
poriiiionts  gives  S  =  200.706 ;  extreme  diflerenoe  0.11^    It  d 
:  :=  448.88,  Ag  =  1849.66.     {Berzdius'  Jahrt^eridlt 
87,  and  lA^hrtmch,  S,  1185.) 
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H.  Stbuvb:  32.002  (0  =  16). 

Determined  by  six  experiments  on  the  reduction  of  a 
known  weight  of  argentic  sulphate  in  a  current  of  hydro- 
gen. The  number  is  the  mean ;  extreme  difference,  0.146. 
Ag  =  108.  The  sulphate  was  prepared  by  precipitating 
the  nitrate  with  an  excess  of  sulphuric  acid,  and  drying  at 
a  high  temperature.  (Liebig's  Ann.,  80,  1851,  208;  Berze- 
Uus'  Jahresberichtj  SO,  20.) 

J.  Dumas  :  82.0196  (O  =  16). 

Determined  by  five  experiments  on  the  combustion  of 
silver  in  sulphur  vapor.  The  number  is  the  mean;  ex- 
treme difference,  0.054.  Ag  =  108.  The  sulphur  was 
purified  by  repeated  distillation.  The  silver  was  heated  to 
redness  in  a  current  of  sulphur  vapor,  the  excess  of  sulphur 
being  afterwards  distilled  off  in  a  current  of  carbon  di-oxide. 
{AnruU.  de  Chim.  et  de  Phys.,  (8,)  55, 1859, 147.) 

J.  S.  Stas  :  82.0742  [?]  (0  =  16). 

According  to  the  mean  of  six  analyses  of  argentic  sul- 
phate by  decomposition  in  a  current  of  hydrogen  at  as  low 
a  temperature  as  possible,  100  sulphate  yield  69.208  [more 
exactly  69.20817]  silver;  extreme  difference,  0.012.  Five 
syntheses  of  the  sulphide,  performed  by  heating  silver  in  a 
current  of  sulphur  vapor  or  hydrogen  disulphide,  showed 
that  100  silver  =  114.8522  sulphide ;  extreme  difference, 
0.005.  By  comparing  these  figures,  which  are  for  vacuum, 
Stas  deduces  S  =  82.0742 ;  Ag  =  107.920.  [There  seems 
to  be  a  trifling  error  in  this  calculation.  The  weighings 
seem  to  be  correct,  for  the  means  correspond  to  the  de- 
tails given.  As  gi^^n^  the  numbers  indicate  S  =  82.058 ; 
Ag  =  107.926.  The  latter  is  almost  identical  with  Stas's 
mean  value,  107.980.]  The  sulphate  was  prepared  by  the 
action  of  sulphuric  acid  on  argentic  nitrate,  or  by  solution 
of  silver  in  sulphuric  acid.  The  salt  was  heated  above  the 
boiling  point  of  sulphuric  acid.  {Stas,  Unters.  iiber  Chim. 
Prop.^  Leipzig  J 1867.) 
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^  ^   HtkztL:\^,     yjT.T^    0  =  1^.. 

i^v>x.<,.v«  *.y//^':,y/^A/i  \zjk  ^Itiide  iu  dir  chlorine  gas 
A;^';  ';.*///;;. ;/'/»5^';  t:.«:  r-«->iiiZ  cLIorid*  iritii  water.  99.75 
)/4;«^  ^.'^^\,u.'\h  y^hAhd  h'^J^j  taxiULic  acid.  On  the  suppo- 
rt* I'/i^  t.^ji^t  ^!uv>  '4/{A  c/yntaios  three  atoms  of  oxygen  Berze- 
)Mi*!  ^nU'MisiUitt  iit*i  aV/mic  weight  at  1148.365  forlS  =  200.75. 
I  tt  ih<<  fi/;i']  'y/nUiriH  five  btfjioB  of  oxygen  the  valoe  becomes 
10/71.)     ^/V///-^///,  ylrm.,  ^  1825,'  14,  and  Lekrbuch,  S, 

linm.  tU'uUfi  that  the  Hulphide  formed,  as  Berzelins  pre- 
i/iiM<l  Uf  \iy  \itmi\UKiiiuiii\\um  in  carbon  disulphide  vapor 
In  n  I'oiiHf.iiiit  (;orii|ioijii(i.  (Poggend.  Ann.j  99j  580.)  Marig- 
iHH'f  li«iw<'vnr,  nIiowh  that  Ucrzelius,  Rose  and  Hermann, 
iilihiHiiwI  I'oiiNliiiit  nmullH  from  its  analysis,  from  89.50  to 
(Ml  mill  IriiiM  100  Hulphide.  If  Ta  =  182,  the  sulphide 
wiMiM  ^iivii  l)0.«J|  iicid.     {/jivhifs  Ann.,  S,  4,  1866,358.) 

II.  UiM\'.   17 J  (()  .^16). 

Hill  III  l\v«»lvi«  iiualyHos  of  the  chloride,  in  which  both 
dm  i-hliMiiio  iihil  ilto  tuntulic  noid  were  determined.  Rose 
iii>Ii>»i|imI  \\\\\  \\\  wluol)  tho  a^reoment  was  best.  [These 
iM\<tUni.-i  oiiliMiliMo^l  \W  At;  -=  107.93,  CI  =  35.457,  f2|;ive  Ta 
III  \^\\  I  riu'  olilorido  \v{i8  projx'irod  from  tantalic  add 
«'.«!««>.  \*\\\\  lUvxi  \\s\\\\  tuui^itou  And  tin  by  mixing  with  car- 
W^w  y\\\\\\\\  \\\  \\\\\\^\\  di  oxido,  And  boating  inacorrentof 
^)Ni,'tu\i  \\\  \\\\w\\  \\w  u\\\  WjUt  aUowcii  to  cool.  Excess  of 
1  u;.MiM*  w****  o\^s^'*M  1^\  dr\  A;r.  And  tho  salt  was  hermeti- 
».%;i\  .*».i;,»l  r.^  fc;l.-^>x  "^xAti*  s;:;Mv>ssovi  the  acid  to  contain 
i\\ .'  u.nm,-  iM  ,N\\ <vv,  Av,,\  jV.or;*r>ro  aoduco*  the  valae 859.81 

Nil...  .'^.    *v,     V   .ov.vxv  :>^:  :hc  r.^aio-rial  with  wluch 
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B.  Hermann  : 

Hermann  made  many  analyses  of  tantalium  salts  to 
which,  however,  he  atcritea  quite  incomprehensible  for- 
xnulas.  Marignac  has  shown  that  his  methods  were  utterly 
inadequate  to  produce  pure  preparations.  He  assumes  two 
atoms  of  tantalium  and  three  atoms  of  oxygen  in  the  acid 
and  rives  the  atomic  weight  as  645.  (0  =  100.)  {Erd- 
mamva  Joum,fur  Prak.  Chem.j  70,  1857,  193.) 

C.  Marignac  :  182  (0  =  16). 

Berzelius',  Rose's  and  Marignac's  analyses  of  the  double 
fluoride  of  tantalium  and  potassium  show  that  the  fluorine 
is  combined  with  Ta  and  potassium  in  proportions  of  two 
to  five.  The  salt  has  also  exactly  the  crystal  form  of  the 
niobium  salt.  Hence  the  acid  is  a  ditantalic  pentoxide. 
Four  experiments  were  made  on  this  salt  by  drying  at 
100®,  moistening  with  sulphuric  acid  and  heating  grad- 
ually till  the  excess  of  acid  was  driven  off.  The  potassic 
sulphate  was  leached  out,  evaporated,  melted  and  weighed, 
ana  the  tantalic  acid  heated  to  redness  and  weighed.  The 
mean  potassic  sulphate  contents  was  found  to  be  44.29  per 
cent;  extreme  difierence,  0.15.  The  mean  amount  of  tan- 
talic acid  obtained  was  56.59;  extreme  difference,  0.25.  If 
K  =  89,  these  data  give  Ta  =  182.8.  Four  analyses  were 
also  made  of  the  ammonium  salt.  This  contained  traces 
of  potassium  which  were  determined  and  allowed  for  in 
each  case.  The  mean  amount  of  tantalic  acid  obtained  was 
65.25  per  cent;  extreme  difference,  0.84.  This  gives  Ta  = 
182,  the  number  which  Marignac  adopts.  The  salts  were 
obtained  by  dissolving  tantalic  acid,  which  had  not  been 
heated  to  redness,  in  fluohydric  acid,  adding  potassic  or 
ammonic  hydrate  and  purifying  by  recrystallization.  These 
salts  are  much  less  soluble  than  the  corresponding  niobium 
and  titanium  salts.     {Liebig's  Ann.y  S.  4»  1866,  284.) 
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B^^olt  and  Eopp  have  each  determined  the  specific 
'  *a]lilrium  and  found  it  in  accord  with  an  atomic 
Qt  128.    {Gmelin-Krauty  I  c.) 
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J.  J.   hii:zii:vi  :   j:'i.:'i     O  =  15  ;  501-76    0  = 

iPii^A.nu'ih^'A  ax  J/'jfor^  Lut  Trhh  purer  material.  Three 
'  /.l**inf$ii'jiU  *A'hni  Wia/lf;,  wbicL  gave  502.853, 801.786, 801.74. 
lU't'A*'Uitti  U/'/k  th<;  riji^an  of  the  latter  two.  The  tellariam 
'//tin  |/r';j/an;<l  from  t^rtradvmite  by  heating  with  potassium 
itti\tnuuu*.  Hwi  oliv<;  oil  in  a  closed  eracible,  dissolving  the 
|;oluii«iiirn  Uilliiridc  ho  formed  in  water  free  from  air,  pre- 
I  tiiUuliuy;  i.\ii^  i<;llurium  by  a  current  of  air  and  distilling  it 
)h  M  rurn^hl  of  hydrogen.     {Poggend.  Ann.,  SZ,  1834, 16.) 

K.  VON  IIaijrh:  128.06  (0=16). 

Iliil.nriiiiiin(l  from  the  mean  of  five  experiments  on  the 
|iiniiHitfiiUoii  of  liromino  with  argentic  nitrate  from  the 
ilmililtt  lir«iml(|«t  «tf  potuHRium  and  tellurium.  The  bromine 
iMiiiiitiitH  wiiH  found  to  1)0  00.9236  per  cent.,  for  Ag  =  108.1 ; 
Ml— HO;  «ixtronio  dilVoronoo  0.172.  If  K  =  39.2,  the 
>  iiliio  litllitwrt.  Tho  Hiilt  was  prepared  by  mixing  tellurium 
ithil  poliinbio  Itroniido  in  atomic  proportions,  adding  water 
iiuil  iiiotuint\  luMitin^  to  drive  otF  excess  of  bromine  and 
lopontod  voorvntjillifution.  {Enimami's  Joum.  fur  Prak, 
\  .."«  ,  \<,  ISi-Cs,  t»S;  ^U-Bcrwhtdcr  k\  L  Acad.) 

N^^  ^lot»u)a  rtiv  j;*,xvr,      ^.1-:m.\  ,:V  CAi'M.  et  de  P/iyj.,  (8,) 
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i  mean  of  204;  extreme  ditFerence  1.2.  An  experiment  on 
Uie  precipitation  of  the  sulphate  with  barium  nitrata  gave 
S04.8.  [The  atomic  weights  used  were  probably  those  ac- 
^pted  by  Damas.]  The  salts  were  purified  by  recrystalli- 
ntion.     (Anml.  de   Ckim.  et  de  Phys.,  (3,)  67,  1863,  411.) 

W.  Chookbs  :  202.96  (0  =  16). 

These  determinations  were  made  from  the  sulphate,  which 
was  prepared  with  great  care.  By  decomposing  the  sulphate 
with  potaesic  iodide  and  weighing  the  thallic  iodide  formed, 
the  atomic  weight  was  found  at  202,73;  by  precipitation 
^Trith  barium  nitrate,  203.55 ;  with  chlorhydrtc  acid  and 
tlcoho),  thallic  chloride  being  weighed,  201.85  ;  from  the 
Binount  of  sulphate  produced  from  a  known  weight  of  metal, 
BOS.l ;  by  precipitation  with  platinum  chloride,  203.56.  The 
raluea  taken  for  CI,  I,  etc.  are  not  given  ;  [they  were  prob- 
»blv  those  accepted  bv  Dumas.]  lErdmann's  Joum.  fUr 
'^  li.  C'Aem.,  9S,  1864,  277 ;  Ckem.  News.) 

H.  Wbbther  :  204  (0  =  16). 

In  five  experiments  Wcrther  decomposed  thallic  iodide 
iriih  potassic  hydrate  and  zinc,  both  perfectly  pure,  and 
irecipitated  the  iodine  with  Bilver.  The  mean  result  of 
h€*e  experiments  was  Tl  =  204.4  ;  extreme  difference  1.7. 
|Tlie  value  assumed  for  I  is  not  stated.  One  experiment, 
iirhich  gave  exactly  204,  according  to  Werther,  recalculated 
fer  Ag  =  107.93 ;  I  =  126.85  gives  Tl  =  203.63.1  Three 
upcrimeuts  were  made  by  decomposing  the  iodide  with 
Immoniacal  solution  of  argentic  nitrate  and  weighini;  the 
Rrgentic  iodide  formed.  Tnese  determinations  gave  Tl  = 
S0i3.47;  extreme  difference  0.3.  The  preparation  of  the 
iodide  Is  not  given.  {Erdmann'a  Joum.  fur  Prak.  Ckem.,  92, 
1864, 136.) 

M.  IlEBBKBLiNa  :  203.94  (O  =  16). 

Hebberting  made  tliree  experiments  on  the  sulphate  by 

trecipitation  with  barium  chloride,  which  gave  in  mean  Tl 

=  204.13;  extreme  difference  0.2.     He  also  made  two  ex- 

lerimonts  on  the  chloride  by  precipitation   with  argentic 

litmtp.     TliP*e  g.-\vc  203.8  and  203.5.     The  atomic  weighta 

■'    ■  .    I    -     ■     ■■'1.      [If  Ag=  107.93;  01=35.457; 

.   chloride  gives  Tl  =  203.44.     The 

..lyaia  are  misprioted.     If  a  probable 

5-Tip*'^^       -      ii^'i''^  '8  made,  the  data  give  Tl  = 


rift  #:L-»jrir  rsiias  ^^ssoeu^^Zjiss. 


;  /i-!*,* « - '  -,-./,  V •.  irz'^, r.  'ij^zrjt '.  1  \i^  *i: L  rr->i  x  snei^lio  thai- 
.  vv.  ^  v  *••.';  V.  •;  i.'.-:  i:-.s^j.i:irt.r.:'L::  irnAse-  The  &amber 
,*  *',.r  ,v^.-i.',  'A  V:-.  -zrc-^ri-i^i^*:  inrcn^e  iiserence.  0.038. 
7/,.'.  'A' fe^'A  »♦/,'•:  Ir.  ah  \AT^JiL  TfciC::::^^:^  acd  the  weighings 
y/«s^«.  v,v;«:  *.♦.  *'A'o  'j'jSirr^r^:  prfess^rc*  ao-I  calcnlaced  for 
yuj  *thfif  Vi:ry  <:Jaf/ora%  pTkcsi^^xions  were  taken  thronsh- 
'/u^  ^If'f'fk^.k  ai*//  riihuiyjus  deteiminations  made  with 
\fiinhitt  tiiUuU:^  hni  fnv^  no  data.  The  thalliam  was  pre- 
ttuit  *t  lu  ki'.'/t  91  'l]iYt:n:ut  \oU  bv  the  redaction  of  as  manr 
t\\tti  n  uS.  t^ix\\A  wiii<:ii  hafl  hK;en  purified  by  recrvstallization 
h»-,  'rill,  riii^tfil  wuH  UiHt'A  in  Hrne.  The  rea^nts  were  ex- 
|Mi'iii)ly  \iti'inirt\(\  by  niC'thods  similar  to  those  of  Stas. 
i  trnobciti  hiolc  N  .  14.009,  0  =  15.96,  and  calculated  for  Tl 
(III.  viiliMt  \W\.\\VL  [If  ()  =  16,  the  value  becomes  204.155.] 
(/Vm/   7M//n.,  Ifi.t,  1H7JJ,  277.) 


THOUIUM. 

V\\\\\\  \\\\^  iuoiuorplusni  oNistins^  between  thorium,  tin, 
lUhl  lUiMntnn.nnil  ti'oin  tho  siiniluritv  of  thorium  to  zir- 
t«iM^hnu.  iV'liHonttiiho  and  Marignao  believe  the  oxide  to 
^*M\»iu»»  ^\\»»  atou»s  of  oxyctMK  \L-d-\Qs  Ann.^  131^  100.) 
\»\»h%*»  \\w  '.jMs'itix*  boat  of  this  olonient  nor  the  vapor 
iU»n.-.u\  oi  :»M\   *>r  \ts  oxMujvuuvis  h;v?  l>een  determined  so 

;    )    r^rx  v.ws.  /^>    O  =  v;  :  1>>7.72  iO  =  100). 


r  N- ' 


'  ,  *,^  .  ■  i  V.  VAV  ;*:,•»:,».;  Vv  >.;ji::r.c  a  solution  of 
.•■v    .  *  ■    -  •,     Nv.vv,^  \\n;  •  '    ,c\*.  ^  Arc r.  IWrr^liuS  cot  the 
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B55.29,  S  =  200.75,  K  =  488.856.    {Poggeml.  Ann.,  16, 1829, 
ns,  aad  Lehrbuch,  S,  1224.) 


J.  J.  CnTDKKics : 


S.64  (O  =  16). 


This  cbemist  analyeed  the  sulphate,  tlie  double  sulphate 

tof  potOBsium  aud  thorium,  the  oxalate,  the  acetate  and  the 

tibrmiitc,  getting  results  which  vary  from  228.52  to  243.7(5. 

tec  averages  with  bis  own  results  analj'ses  made  by  Ber- 

HeliuR  aoo  by  Berlin,  which,  however,  alter  the  result  in- 

|ipreci:ibly.       According    to    Delatbiitaine,    the   nietliods 

h>j^ed    for    puriticatiou    are    ineffectual.       Chydenius 

i  BiQgle  atom  of  oxygen  in  the  oxide.     {Poggend. 

,  1868,  56.) 

N.  J.  Bebun:  231.64  (O  =  16). 

Cbydenius  reports  two  analyses  of  the  oxalate  by  Berlin 
hich  gave  for  thorium  67.87  and  57.95,  or  231.48  and 
n.80.    {Poggmt.  Ann.,  119,  1863.  56.) 

M.  Dklafontaine  :  231.5  (O  =  16). 

Determined  from  analyses  of  the  sulphate.  Fourteen 
xperimeutfl  on  the  decomposition  of  this  salt,  by  the  heat 
1^  a  strong  double-draught  lamp,  gave  a  mean  of  52.51  per 
bent.  oxid«;  extreme  difference,  0.83.  In  three  experiments 
be  sulphur  contents  of  the  salt  was  determined  by  precipi- 
ittou  with  barium  chloride  after  the  sulphate  bad  been 
Iecomp08cd  with  ammonium  oxalate.  The  mean  amount 
F  tulpburie  anhydride  eo  fouud  was  31.92  per  cent;  ex- 
■eme  difference,  0.78.  Three  experiments  on  the  water 
!Ont«nts  gave  16.68  per  cent;  extreme  difference,  0.21. 
The  Bum  of  these  means  is  100.11.  The  value  of  thorium 
I  calculated  from  the  relation  of  the  oxide  to  the  sul- 
.hnric  anhydride  for  S  =  32,  Ba  =  137.  The  salt  was  pre- 
vaxvA  from  thorite  and  from  orangite  by  decomposition 
ritfa  sulphuric  aeid  and  recrystalllzation  of  the  sulphate 
-ritfa  the  help  of  heat.  The  purification  was  continued 
intil  tbtf  crystals  and  the  mother  liquor  had  exactly  the 
ame  compof»ition.  Marignac  assisted  at  this  investigation. 
LW^B  Arm.,  ISl,  1864,  100.) 

P.  T.  Cle%'e  :  233.88  (0  =  ip). 

Clew  madfi  nix  analyses  of  the  anhydrous  sulphate,  get- 
Ing  iu  mettO  Th  =  238.8 :  extreme  difference,  1.86.     Prom 
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analyses  of  the  oxalate  he  got  238.97 ;  extreme  difference, 
0.6.  {Kopp's  Jakresbericht,  1874,  261;  Bull.  Soe.  Chim.. 
(2,)  «i,  116.) 


TIN. 

Regnault  and  Eopp  have  each  determined  the  specific 
heat  of  tin.  It  agrees  with  an  atomic  weight  of  aboat  118. 
Dumas,  Cahours  and  others  have  determined  the  vapor 
density  of  volatile  tin  compounds  with  a  similar  result. 
( GmeUn-Kraut^  L  c. ;  L,  Meyer y  L  c.) 

J.  J.  Berzelius  ;   117.647  (O  =  16) ;  785.294  (O  = 
100). 

Berzelius  determined  this  value  by  oxidizingfpnre  tin  foil 
by  means  of  nitric  acid  and  weighing  the  oxide.  He  found 
100  tin  =  127.2  stannic  acid.    (Poggend.  Am.,  5, 1826, 184.) 

G.  J.  Mulder  :  116.112  (O  =  16);  726.7  (O  =  100). 

Two  experiments  were  made  by  oxidizing  tin  with  nitrie 
acid,  evaporating,  drying,  and  heatine  to  redness.  They 
gave  each  100  tin  =  127.56  stannic  acia ;  whence  the  value. 
AH  possible  precautions  are  said  to  have  been  taken.  The 
metal  was  prepared  by  the  reduction  of  pure  oxide  with 
soot  and  a  flux.  (Bhumami^s  Joum.  fiir  Frak.  Chenu^jfSf 
1849,  85 ;  Scheikumige  OnderzoeL,  6.   Deel,  260.) 

C.  L.  Vlaanderen  :  about  118.  (O  =  16). 

Determined  from  experiments  on  the  oxidation  and  re- 
duction of  tin  and  stannic  acid  in  vessels  of  various  ma- 
terials. The  experiments  regarded  as  the  most  accurate 
were  made  on  the  reduction  of  the  acid  in  a  current  of 
hydrogen  in  porcelain  vessels.  The  acid  had  been  heated 
in  platinum.  These  experiments  gave  59.04  and  69.1SL 
Stannic  acid  heated  in  glass  or  porcelain  was  found  to 
retain  nitric  acid.  (Kopp's  Jahresberichiy  11  j  1858,  188; 
Mulder y  Scheikundige  Verh.  en  Onderzoek.y  2.  Derf,  ISO.)  . 

J.  Dumas:  118.08  (0  =  16).  ^'J 

Two  experiments  were  made  on  the  ondflli 
tin  by  nitric  acid.     The  stannic  acid  being  1 
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hot  in  platinum  vessels  gave  for  the  atomic  weight  69.1 
»nd  58.96.  The  tin  employed  was  prepared  from  pure 
chloride.  Two  experiments  on  the  titration  of  the  chlo- 
ride with  argentic  nitrate  gave  59.06  and  69.03.  Ag  = 
108,  CI  =  85.5.  {Annal.  de  Chim.  e.t  de  Phys.,  (3,)  55,  1859, 
156.) 


TITANIUM. 


The  specific  beat  of  titanic  acid  has  been  determined  by 

Ttegnault  and  by  Kopp,  and  indicates  an  atomic  weight  of 
About  50.  Dumas  determined  the  vapor  density  of  the 
tetrachloride  at  6.836.  [If  the  molecular  weight  of  0  = 
82,  and  if  CI  =  35.457,  tbis  gives  Ti  =  66.025.]  (Gmelin- 
Kraut,  L  c,  and  Poggend.  Anv.,  9,  1827,  441.) 

H.  Bo8E:  61.17  (0  =  16). 

Determined  by  roaating  titanium  sulphide  and  weighing 
the  titanic  acid  lormed.  The  highest  result  obtained  was 
1.017  aolpbide  from  0.757  acid.  This  result  Rose  adopted  on 
the  supposition  that  an  excess  was  impossible.  For  S  = 
S0L16  theso  data  give  T:i  =  6S.S6  (0  =  16);  389.1  (0  = 
100.)  [If  8  =  32,  Ti  =  61.17.]  The  sulphide  was  prepared 
by  heating  titanic  acid  in  a  current  of  carbon  dieulpbide. 
{GUbert's  Am.,  7S,  1823, 135.) 

Bo«e  BUbsequeDtty  expressed  the  opinion  that  the  sulphide 
ciDployed  in  this  analysis  was  impure,  and  contained  nnde- 
conjposed  titanic  acid,  but  afterwards  came  to  the  conclu- 
pion  that  it  was  perfectly  pure,  accounting  for  the  variation 
of  the  rcsaits  from  those  he  obtained  later  by  the  theory 
that  the  sulphide  and  the  oxide  of  this  element,  like  those 
ef  tantalium,  were  entirely  dissimilar  compounds.  Marig- 
D&e  has  ehown  that  tantaltum  sulphide  is  of  normal  consti- 
tutioQ.    (Poggend.  Ann.,  99,  1856,  676.) 

H.  Rose:  48.28  (0  =  16). 

JBtaninm  chloride  was  decomposed  with  water,  titanic 

by  ammonic  hydrate,  and  the  chlorine 

filtrate  with  argentic  nitrate.     Taking 

:  221.326 ;  Kose  calculated  the  chlorine 

experiment?  at  from  74.43  to  74.53  per 
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cent ;  mean  74.46  and  Ti  at  303.686.  According  to  Gmelin- 
Eraat,  these  analyses  recalcalated  for  Stas's  viuaes  give  Ti 
=  48.28.  The  chloride  was  prepared  bj  the  action  of  chlo- 
rine on  a  mixture  of  titanic  acid  and  carbon^and  was  recti- 
fied foar  or  five  times  over  potassium  and  mercnrj.  It  was 
clear  and  developed  no  chlorine  on  decomposition  with 
water.     (Poggend.  Ann.y  loj  1829, 145.) 

C.  G.  M0SA5DER :  i7.33  (O  =  16) ;  295.81  (O  =  100). 

Mosander  determined  the  oxygen  contents  of  titanic  acid 
at  from  39.83  to  40.82  per  cent. ;  mean  40.427.  Mosander 
never  described  the  method  of  analysis.  [The  oxygen  con- 
tents was  probably  determined  from  the  chloride,  for  the 
above  data  give  Ti  =  294.7,  while  Berzelius  records  the  de- 
termination as  having  given  295.81.]  (Poggend.  Ann.<^  19^ 
1880,  212,  and  Berzelius'  Lehrbuch,  3, 1211.) 

J.  Pierre  :  50.36  (0  =  16). 

Determined  by  three  experiments  on  the  titration  of  the 
chloride  with  argentic  nitrate  by  Pelouze's  method.  Pierre 
does  not  give  the  values  taken  for  CI  and  Ag.  He  calcu- 
lates the  atomic  weight  of  Ti  at  814.69.  [If  Ag  =  107.98, 
CI  =  85.457;  his  data  give  Ti  =  314.75.(0  =  100);  50.36 
(O  =  16),  with  an  extreme  difference  in  the  latter  case  of 
0.08.]  lie  made  two  other  determinations  giving  lower 
results,  but  it  was  found  that  the  chloride  employed  was 
Hlightly  decomposed  by  contact  with  air.  The  chloride 
was  prepared  from  artificial  titanic  acid  which  was  free 
from  iron,  and  was  further  purified  by  fractional  distilla- 
tion.    {Annal.  de  Chim.  et  de  Phgs.,  (3,)^0, 1847,  257.) 

A.  Demoly  :  66.512  (0  =  16). 

• 

Determined  by  experiments  on  the  tetrachloride.  The 
salt  was  decomposed  with  water,  the  titanic  acid  precipi- 
tated by  ammonic  hydrate,  and  the  chlorine  precipitated  in 
tho  filtnito,  after  the  excess  of  ammonic  hydrate  had  been 
volatilized  and  the  solution  acidified.  Both  precipitates 
woro  weighed.  De!«>ly  calculates  the  atomic  wei^t  of  Ti 
at  .'{50,  without  mentioning  what  values  he  accepted  for 
Mlvor  and  chlorine.  [If  Ag  =  107.93,  CI  =  35.467;  Um 
atomio  woight,  ealoulatod  from  the  argentic  chloiidei^it  j 
l\^Xi  (O  =^100) :  or  56.512  (O  =  16),  with  an  eztim  '  '^ 

on*v  in  tho  throo  oxporiniouts  of  0.88  for  O' 
chloride  wjis  pn^iMirod  trom  rutile  by  prelin 
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sion  into  nitride,  &c.  It  was  purified  by  rectification  over 
mercury  and  potassiuna.  (Liebig's  Ann.^  7iSy  218 ;  Laurent 
and  Gerhardty  Oomptes  Rend.,  1849,  825.) 


TUNGSTEN. 


Reenault  has  detercfiined  the  specific  heat  of  tungsten , 
and  Koscoe  the  vapor  density  of  the  chloride.  These  ex- 
periments place  the  atomic  weight  of  tungsten  at  about  184. 
{Gmelin'Ki'autj  I.  c;  L.  Meyer j  L  c.) 

J.  J.  Berzelius  :  189.S6  (0  =  16) ;   1183.355  (0  = 
100). 

A  weighed  quantity  of  tungstic  acid  was  reduced  in  a 
current  of  hydrogen,  again  weighed,  then  re-oxidized  and 
reweighed.  The  number  is  the  mean  result  of  the  two 
operations.  The  number  is  given  in  Berzelius'  Lehrbuch 
as  1188.36  with  the  data,  which  are  also  given  in  Poggend. 
Ann.j  8j  23.  It  is  pointed  out  in  Graham-Otto  that  this 
value  must  be  misprinted,  an  observation  which  I  have 
verified.     {Poggend.  Ann.,  4>  1825,  152.) 

Berzelius  made  an  earlier  determination  than  the  fore- 
going by  the  oxidation  of  the  sulphide,  getting  1207.  He 
points  out  the  source  of  error  in  this  experiment  arising 
from  the  formation  of  irreducible  sulphate.  {Berzelius' 
Jakresbericht,  5,  1825,  121.) 

R.  Schneidbe:  184.12(0  =  16);  1150.78(0=100). 

Schneider  made  five  experiments  on  the  reduction  of 
tungstic  acid  with  hydrogen  in  a  porcelain  tube  heated  by 
a  charcoal  fire.  These  analyses  gave  the  mean  contents  of 
the  acid  at  79.316  tungsten  per  hundred ;  extreme  dififer- 
eAce,  0.096.  This  composition  corresponds  to  an  atomic 
weight  of  1150.89.  He  also  made  three  experiments  on 
the  combustion  of  tungsten,  getting  a  mean  of  79.327 
tungsten  per  100  acid ;  extreme  difference,  0.005,  or  an 
atomic  weight  of  1151.17.  The  value  taken  is  the  mean. 
The  tungstic  acid  was  prepared  b^  decomposing  ammonio- 
tongstic  sulphide  with  chlorhydnc  acid,  washing  the  pre- 
cipitate with  acid,  solution  in  ammonia,  reprecipitation  with 

icid,  and  so  on  until  a  perfectly  pure  product 
The  tungstic  acid  was  finally  dried  and 
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htsaxed  to  redceat.    •  .&!fma>ui*j  Journ.  fur  Prak.  CSum.,  60, 

R.  F.  Maechasb  :  itf^.-?  (O  =  16) ;  1150.6  (O  =  100). 

Determined  from  two  experiments  on  the  redaction  of 
tungstic  acid  in  a  current  of  hydrogen,  and  two  eicperiments 
on  the  combofltion  of  tungsten.  These  determinations 
were  made  in  the  same  manner  as  and  at  the  same  time 
with  Schneider's.  The  extreme  difference  was  3.5  for  0  =s 
100.    {Liebiy's  Ann.,  77,  1851,  263.) 

J.  B.  VON  Borck:  183.81G  (0  =  16);  1148.85  (0  = 
100). 

Determined  by  seven  experiments  on  the  reduction  of 
tungstic  acid  at  a  white  heat  by  hydrogen,  and  by  two  ex- 
peri  men ts  on  the  combustion  of  tungsten.  The  number  is 
the  mean ;  extreme  difference,  10.38  for  O  =  100.  The 
tungstic  acid  was  prepared  from  Wolframite  by  fusing  the 
mineral  with  potassium  carbonate,  solution  in  water  con- 
taining alcohol,  precipitation  with  calcic  chloride  and  de- 
composition of  the  calcic  tungstate  with  chlorhydric  acid. 
Tli«!  tungstic  acid  so  produced  was  converted  into  ammonium 
Hiilt  which,  on  decomposition,  yields  a  compound  free  from 
iron  and  manganese.  {ErdmanrCs  Jowm.  fxlr  Prak.  Chtm., 
64,  1861,254.) 

A.  KiCHK :  174  (0  =  16). 

This  value  was  reached  bv  five  determinations  of  the 
amount  of  water  produced  Ly  the  reduction  of  tungstic 
aoid  in  a  ourrent  of  hydrogen,  which  gave  a  mean  of  87.07; 
oxtroino  diitoronoo,  1.78.  The  tungstic  acid  was  obtained 
l\v  hoating  tho  ammonium  salt,  or  by  the  decomposition  of 
tho  oxyolilorido  produced  by  heating  tungstic  acid  and 
oarbonin  u  ourront  of  chlorine.  {AnnaL  de  Chun,  et  de 
/  V-  (^^^  -^0.  1^57,  10.) 

.1.  IH'MAS:  7:?^  (0  =  16). 

Pumas  n\ado  six  oxporimonts  on  the  reduction  of  tnnntie 
Aoii)  in  hyd^^^pM\  nt  n  hich  tompor&ture  in  a  nacelle  of  M^ 
^la/od  poroolain,  and  two  oxporiment*  on  the  tftr--*- 
tbo  ohlori^lo  with  aro^iuiv^  niirato.     The  extXM 
iHMwiH^n  tho  n^sults  was  0.t>i^  for  O  =  S.    The 
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pared  by  gently  heating  the  amniooium  salt  in  a  muffle. 
{AnnaL  de  Chim.  et  de  Phys.,  (3,)  65, 1859,  144.) 

F.   A.  Bernoulli:    186.8    (0  =  16);    1167.6  (0  = 
100). 

BemenlH  made  five  experiments  on  the  reduction  of 
tungstic  acid  by  hydrogen  in  a  porcelain  tube  at  a  very 
higfi  temperature,  two  experiments  on  the  amount  of  water 
formed  in  reduction,  and  four  experiments  on  the  oxidation 
of  tungsten.  The  mean  result  was  W  =  93.41 ;  extreme 
difference,  0.75.  [If  experiment  9,  in  which  oxidation 
eeema  to  have  taken  place,  is  left  out,  the  mean  becomes 
93.36;  extreme  difference,  0.18.]  The  tmigstic  acid  was 
prepared  from  ammonium  tungstate  which  had  been  boiled 
for  several  daj-s  with  nitric  acid.  The  tungstic  acid  was 
heated  lo  redness.  One  part  of  it  was  green,  another  part 
yellow.  The  determinations  from  the  different  colored 
acids  did  not  differ,  and  Bernoulli  considers  them  isomeric 
modifications  of  the  same  compound.  There  appear  to  be 
misprints  lo  the  data  given.  [Poggend.  Ann.,  Ill,  1860, 
S99.) 

0.  SCHEIBLER  :   184   (O  =  16). 

Scheibler  reached  this  value  by  five  determinations  of 
the  water  contents  {9  molecules)  of  barium  metatungstate. 
From  determinations  of  the  barium  and  the  tungsten  in 
the  same  compound  Scheibler  reached  other  values,  but  he 
regards  the  water  determination  as  the  most  trustworthy. 
(M-dmann's  Joum.  fur  Prak.  Chan.,  83,  1861.  328.) 

E.  Zettnow  :  183.952  (0  =  16). 

Determined  from  analyses  of  ferrous  tungstate  and 
argentic  tungstate.  A  known  weight  of  ferrous  tungstate 
was  melted  with  sodium  carbonate  and  the  mass  dissolved. 
The  ferric  hydrate  was  thoroughly  washed,  dissolved  iti 
chlorhydric  acid,  reduced  to  ferrous  chloride  with  zinc  o; 
known  composition,  and  titrated  with  potaasic  permanga- 
nate in  several  measured  portions.  Four  such  series  of 
experiments  were  made,  and  gave  a  mean  of  92.038  for  W 
extreme  difference,  0.33.  The  ferrous  tungstate  was  pre 
pared  by  melting  pure  anhydrous  sodium  tungstate  with 
ferrous  chloride  and  sodium  chloride,  dissolving,  separat- 
ing impurities,  crystallizing,  washing  the  crystals  with 
■water,  chlorhydric  acid  and  sodium  carbonate.     The  argen- 


I2>i  ATOMIC  ▼£XGHI  IHSTEKXSSA'XIOSS. 

tic*  tufig«tat«  was  deoompofied  with  nitric  acid  and  titrated 
with  bodjuni  chloride  or  decomposed  with  hot  sodium 
'hiorjde  t>olution,  the  argentic  chloride  bein^  weighed. 
VWa  exfXrrim^^ntB  ^ve  a  mean  of  91.915  for  W;  extreme 
tiUiiinm^'j:,  OA'is  The  argentic  tongstate  was  prepared  bj 
th<.'  pn.'cipitation  of  sodium  tungstate  with  ai^gentic  nitrate, 
thorough  wanhing  and  drying  in  yellow  light.  The  per- 
luuiii^anate  fKilution  was  prepared  according  to  Mohrand 
lithic'd  with  arnriJonio-ferrouB  sulphate.  Fe  =  28,  Ag  = 
108.     (/'of/yerid.   Ann.,  130,  1867 J  SO.) 

II.  K.  ]{08C0e:  184.04  (0  =  16). 

Dftiorinincd  by  reducing  tungstic  acid  in  a  current  of 
h ydro^iiu,  by  reoxidizing  the  metal,  and  by  reducing  the 
rlilorim)  ill  u  current  of  hydrogen,  the  chlorhydric  acid 
boiii^  ('ondonHud  and  estimated  as  argentic  chloride.  In 
thi)  oxpuriinontH  on  the  acid,  that  compound  was  reduced, 
liiul  rooxidiziul  throe  times  with  almost  identical  results. 
TUis  inoiih  of  tiio  Hooond  and  third  reductions  of  the  same 
Hani])lit  ^nvt^  W  =  183.84.  In  the  experiments  on  the 
i'hiorido,  tho  riilorino  and  the.  tungsten  were  each  deter- 
luihtul,  uiul  vi^uvo  u  mean  of  184.25  for  CI  =  85.5.  The 
tnn^Htii*  ui*iii  wuh  proparod  by  the  decomposition  of  the 
i'hloriiio,  wasiunu^  and  heating  to  redness  in  a  platinum 
voHriol.  It  was  oanary  yollow.  The  chloride  was  prepared 
lV\»n»  puiv  tun^ston.     (^IM^btys  .-l/i/L,  16?,  1872,  366.) 


rUANlUM. 


Nx»  xovuk  viy  o\is:s  ;i<  :o  :l:o  rvlurio::  between  the  eqoiva- 

\-*'\  .ivsl  1^0  .i:>»v.*.','  \\  vj;!*.:  o**  u-ar.ii::!!.    The  latter  is  com- 

'  •.' •  \   .i.NN^v'.ov!  .IS  ,;lv,:!  l:^.^      MiV.do'erefl:"  ffives  grounds 

-    '.■•.-.'.^^••^  '■    ..*  Iv  ->,\    :  .•■;■>  av'.,  ^:^^f.  1S71, 178,) 

I".    I     \U\s-      Viii^vN  *.  .i>  v-v.\.o'v  ISO.  a  value  which 

v'-  ^\^' '   ^^         .   x'  ^".v;  ^,'  \:.i:  .^f  :b^  b!ack  oxide  as 

\s  •     x  l\K .;    I    ■.  -A-:i\  *.  ;.      For  the  pur^ 

^*,x    ^  .v<  :  •  7\:3:-::  :fae  cosceoiaiy 
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nranic  oxide  and  on  the  oxidation  of  urauoua  oxide.  B; 
combuBtioQ  of  uratious  oxide  in  oxygen  he  found  in  two  ex- 
periments that  100  oxide  combined  with  3.695  and  with 
3.73  oxygen.  PVom  the  reduction  of  the  green  oxide  he 
found  that  100  uranoua  oxide  combine  with  3.67  oxygen. 
He  deduces  afi  the  mean  3.688.  Regarding  uranous  oxide 
as  the  metal,  Arfvedson  calculated  the  atomic  weight  at 
3711.36.  [If  the  lower  oxide  is  a  protoxide,  the  data  give 
128.6  for  O  =  16.1  The  nranoas  oxide  was  prepared  ftom 
pitchblende  by  solution  in  aqua  regia,  precipitation  of  heavy 
metala  with  hydrogen  sulphide,  precipitation  with  ammonic 
hydrate,  solution  in  ammonium  carbonate  to  remove  iron, 
reprecipitation,  heating  to  redness,  washing  with  chlorydric 
acid  to  remove  impuritiee,  and  reduction  in  hydrogen. 
[Poggend.  Ann.,  1, 1824,  254.) 

E.  Peligot  :  119.1SS  (0  =  16j . 
In  two  experiments  the  amount  of  carbon  in  the  acetate 
was  found  to  be  11.27  and  11.8;  mean  11.285.  In  one  ex- 
periment the  uranic  oxide  was  determined  at  67.3  per  cent. 
[From  these  data  the  above  value  follows.]  Peligot  takes 
120  or  760,  C  =  73.  The  preparation  of  the  salt  ia  not 
given.  Peligot  mentions  the  oxalate  and  gives  analyses, 
but  does  not  deduce  an  atomic  weight  from  them.  {AnrtaL 
de  Chim.  et  de  Pbys.,  (3,)  6,  1842,  39.) 

J.J.  Ebelmen:  118M  (0  =  16);  742.875  (0  = 
100). 
Ebelmen  made  six  experiments  on  the  reduction  of  the 
oxalate  to  uranous  oxide  by  hvdrogen  and  heat.  The  value 
follows  with  an  extreme  difierence  of  0.65  for  C  =  75;  H 
^  12.5.  All  the  weighings  were  reduced  to  vacuum.  To 
obtain  pure  oxalate,  the  nitrate  was  precipitated  by  oxalic 
acid  and  this  preparation  decomposed  by  heat.  The  oxide 
thus  obtained  was  digested  with  chlorhydric  acid,  washed, 
dissolved  in  nitric  acid,  recrystallized,  and  precipitated  with 
oxalic  acid.  The  oxalate  was  dried  at  100°.  According 
to  Rammelaberg  the  reduction  of  the  oxalate  is  accompa- 
nied by  the  separation  of  carbon  which  remains  with  the 
oxide.     i^Anmi  de  Chim.  et  de  Ph^s.,  (3,)  5, 1842,  189.) 

Berzblius,  Arfvedson,  Marchand  :  128.4  {0^16);' 
802.49  (0  =  100). 
While  Arfvedson  was  making  his  first  determination, 
Berzelius  also  made  an  experiment  on  the  combustion  of  ura- 


130  AT03CIC  WIZIdHT  DETEEXETATIOSa. 

DOdd  oxide  getting  IOS.^5  onmic  firom  100  aranoos  oxide. 
Marcband  iErdmann'i  Journ.  fur  Prak.  Cktm.^  £3,  IMl, 
498)  got  in  the  same  way  103.668.  The  Average  of  the 
combustion  experimenta  of  aII  three  cheauats  is  103.694, 
whence  Berzehoa  calculates  the  valoe.  ( Ararfncf'  Jakres^ 
bericht,  22^  1842,  113.)  Peligot  and  Bammelsberg,  as  well 
as  Marchand,  point  oat  faults  in  this  method,  sach  as  the 
probable  condensation  of  hjdro^n  in  the  protoxide  and 
the  tendency  to  form  higher  oxides.  {PoggemdL  Awl^SQ, 
1843,  4.) 

C.  Ram MBLSBBXG. 

This  chemist  made  experiments  on  the  reduction  bj 
hydrogen  of  the  green  oxide,  prepared  in  various  ways, 
and  got  results  varying  from  580.4  to  767.6  for  O  =  100. 
{Poggend.  Ann.^  69^  1843,  9.)  Bv  precipitation  of  oranous 
chloride  with  silver  he  reached  the  number  787.5  for  CI  = 
442.66.  The  chlorine  contents  found  varies  in  three  ex- 
periments from  73.89  to  74.46.  The  chloride  was  prepared 
oy  heating  uranous  oxide  in  an  atmosphere  of  chlorine. 
(Poggend.  Ann.,  66, 1842,  321.) 

J.  Wbetheim  :  119.ji!e  (0  =  16) ;  746.36  (O  =  100). 

Determined  by  three  experiments  on  the  decomposition 
of  the  double  acetate  of  uranium  and  sodium.  The  mean 
loss  of  acetic  acid  by  heating  the  salt  to  redness  was  32.477 
>or  cent.;  extrcnio  difference,  0.036.  The  number  follows 
or  C  =  75,  H  =  6.25,  Na  =  890.9.  [In  Poggend.  Ana.,  67, 
484,  an  abstract  is  ^iven  of  a  paper  read  before  the  academy 
(of  Berlin  ?)  by  Mitscherlich,  in  which  he  states  that  Wert- 
lioim's  experiments  above  described  give  740.512.  Berze- 
liuH  in  his  Jahresbericht,  2S,  187,  makes  or  quotes  the  same 
Htatomont,  so  also  does  Rammelsberg,  Poggend.  Ann.,  59, 
4,  and  it  has  been  repeated  elsewhere.  I  have  recalcnlati^ 
the  di\tu  given  by  Wortheim  and  find  the  results  correctiy 
doduoud  in  his  own  report.  For  Na  =  23.043  (Stas) ;  the 
data  give  IT  =  119.53.]  The  salt  was  prepared  from  nrani- 
niio  by  solution  in  nitric  acid,  precipitation  with  hydroaen 
sulphide,  ovaporution  of  the  nitrate  to  dryness,  solatioa 
in  \\o\  wiUor,  orvstalliKation  and  recrystallization,  heatii 
tho  orvstiiln  to  ifrivo  otf  nitric  acid,  solution  in 
divA'stiou  with  Bodium  carbonate  and  recr 
^  (Cnhuxnn^s  Jouru,  fiir  h>ik.  Chem.,  29, 1848, 
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C.  Raumelsberg  :  about  120  (O  =  16). 
D«teniiitiGd  in  six  experiments,  undertaken  at  Berzelius' 
^^estioQ,  by  treating  uranouB  oxide  with  nitric  acid  and 
IpQoric  acid  and  weighing  the  sulphate.  It  ie  very  diffi- 
iolt  to  weigh  the  uraoous  oxide  which  constantly  increaBea 
in  weight.  Two  experiments  were  made  on  the  green 
oxide,  which  was  prepared  either  by  heating  uranous  oxide, 
or  the  nitrate,  in  air.  Two  experiments  were  made  on 
macnesium  uraniate  by  dissolving  the  compound  in  nitric 
acid  and  heating  to  redness.  The  compound  was  found 
unstable  in  character.  One  experiment  was  made  by  heat- 
ing the  double  acetate  of  uranium  and  Bodium  and  three 
experiments  by  heating  the  double  acetate  of  barium  and 
oranium.  The  results  obtained  varied  from  633,17  to 
753.76.  Rammelsberg  considers  the  determinations  confir- 
matory of  ■Wertheina's  and  Ebelmen's.  (Poggend.  Ann., 
-\  1845,  96.) 

E.  Pbliqot:  120  (0  =  16);  750  (0  =  100). 
Determined  by  combustion  of  the  oxalate  in  a  corrent  of 
air,  both  the  carbonic  acid  and  the  green  oxide  of  uranium 
beinjT  weighed.  At  first  Peligot  got  only  730  as  the  atomic 
weignt  by  this  process,  but  by  repeating  the  recry stall iza- 
lion  of  the  salt  until  determinations  gave  constant  results, 
be  got  a  mean  of  750.  He  says  that  no  came  to  the  same 
ralne  by  comparing  the  amount  of  uranic  oxide  obtained 

irom  the  acetate  with  the   weight  of  the  salt  employed. 

l<Aru  Comples  Rend.,  SS,  1846,  487.) 


VANADIOM. 

Rosooe  has  determined  the  vapor  density  of  vanadium 
liloride.  It  agrees  with  an  atomic  weight  of  about  61. 
'.  Meyer,  I.  c.) 

J.  J.  Berzilios  :  $S.47  (O  =  16). 

Berxelins  made  four  experiments  on  the  relation  between 
lie  higher  and  the  lower  oxides  of  vanadium,  three  by  re- 
duction with  hydrogen  at  a  very  high  temperature  and  oue 
by  oxidation.  Ho  supposed  the  higher  oxide  to  have  the 
Tormola  VO,,  and  the  lower  VO,  and  consequently  got  for 
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the  atomic  weight  the  number  855.84  (O  =  100).  R 
Schneider  has  shown  that  the  data  as  given  by  Berzelios  are 
discordant,  {Poggend.  Ann.^  88 y  319,)  a  fetct  of  small  import- 
ance in  view  of  the  succeeding  investigation.  The  higher 
oxide  analyzed  b^  Berzelins  was  produced  by  gently  heat- 
ing the  ammonmm  salt.  {Poggend.  Ann.^  £S^  1881,  14; 
Kongl  Vet.  AkauL  Handl.,  1831.) 

Roscoe  examined  some  ammonium  vanadate  which  Ber- 
zelius  had  sent  Faraday  and  found  that  it  contained  phos- 
phorus.   {lAebig's  Anru,  Sy  6y  1868,  93.) 

H.  E.  RoscoB :  51.33  (O  =  16). 

Roscoe  made  four  experiments  on  the  reduction  of  vana- 
dic  acid  (Y,  0^)  in  carefully  purified  hydrogen.  The  acid 
was  prepared  from  ammonium  vanadate.  To  free  this 
compound  from  phosphorus  and  silicic  acid  it  was  powdered, 
decrepitated  with  sodium  in  an  iron  crucible,  washed  with 
water  and  with  chlorhydric  acid,  re-oxidiz^  with  nitric 
acid,  chloridized  in  a  current  of  chlorine,  the  chloride  rec- 
tified and  decomposed  with  water.  The  acid  so  obtained 
was  dried,  moistened  with  sulphuric  acid,  exposed  to  the 
fumes  of  fluohydric  acid  for  ten  days  and  melted.  This  pure 
acid  was  first  heated  for  several  hours  in  dry  air  and  after- 
wards in  hydrogen.  The  mean  result  of  four  experiments  was 
V  =  51.371 ;  extreme  difibrence,  0.228.  Nine  experiments 
were  made  on  the  titration  of  the  chloride  by  JPelouze's 
method.  Eight  experiments  were  also  made  on  the  analy- 
sis of  the  chloride  with  argentic  nitrate  by  the  ordinary 
method.  The  mean  of  the  seventeen  experiments  on  the 
chloride  gives  the  contents  in  chlorine  at  61.276  per  cent; 
extreme  difierence,  0.69.  This  composition  indicates  an 
atomic  weight  of  51.29.  Roscoe  takes  CI  =:  35.457,  Aft  = 
107.93.  The  vanadium  chloride  was  purified  by  rectmca- 
tion  over  sodium  in  a  current  of  carbon  di-oxide.  The  re- 
agents  were  prepared  according  to  Stas.  {lAebig's  Atm.^  S^ 
6y  1868,  86.) 

Roscoe  mentions  atomic  weight  determinations  by  Czad* 
nowicz  as  giving  55.35.  This  chemist,  however,  did  not 
calculate  an  atomic  weight  from  his  analyses,  but  used  that 
obtained  by  Berzelius.     {Poggend,  A7m.y  ISOy  1868, 17.) 


The  coinpositioD  of  jttrium  oxide  ib  not  definitely  settled, 
dendelejefi  coDclodes  from  the  general  behavior  of  its 
wmpounds  that  it  is  a  seequi-oxide.  *Ae,  however,  nil  the 
ihcmists  who  have  made  atomic  weight  determinations  of 
bia  element  have  considered  it  a  prot-oxide,  X  aball  assume 
t  lo  be  80  and  the  atomic  weight,  therefore,  about  60. 

J.  J.  BEazELics  :  64.S9  (0  =  1G);  401.84  (0  =  100). 

Thia  determination  was  made  before  the  discovery  of 
irbium  and  can  scarcely  be  correct.  The  value  was  reached 
n  analysis  of  the  sulphate  with  barium  chloride.  Ba  = 
I66.88,*S  =  201.165.  {Poggeiid.  Ann.,  S,  1826.  186;  JO, 
1837,  841.) 

N.  J.  Berlin  r  59.7  (O  =  16). 

According  to  Biomstrand  ia  BerUn,  Ber.  dor  Chem.  Gm., 
,878,  1467.  I  can  find  no  other  record  of  this  determina* 
ion  which  pmbabl;  appeared  in  the  Forhandl.  ved  de  Skandi- 
uruAe  Xaturforsk,  1860,  448. 

O.  Popp:  68  (0  =  16), 

The  mean  of  four  analyses  of  the  sulphate  showed  that 

lO.lS  oxide  were  equivalent  to  38.28  eulphuric  anhydride, 

^^ing  a  molecular  weight  for  the  oxide  of  42.015 ;  extreme 

aifference,  0.013.     The  yttrium  was  precipitated  with  eub- 

limed  oxalic  acid,  the  free  acid  being  afterwards  neutralized 

with  ammonia.     The  sulphuric  acia  was  precipitated  with 

»nain  chloride  in  the  filtrate  with  precautions.  Popp,  who 

Ivnics  the  exietence  of  erbium  and  terbium,  separatea  yttri- 

im  from  the  cerile  oxides  by  precipitation  with  barium 

'bonate,  yttrium  remaining  in  solution,  S=16,  Ba  ^ 

5.     (LiMg's  Ann.,  ISJ,  1864,  183.) 

M.  Dhlafostaise  ;  about  64  (0  =  16). 

Oclafontaine  does  not  pretend  that  this  number  is  exact. 
Kt  i«  derived  from  analyses  of  the  sulphate.  Hia  method 
pf  separation  was  essentially  Mosander's,  which  was  proved 

■  Popp  and   bv  Bunsen  and  Bahr  to  give  impure  ealta. 

•V'   •'""     '■'<    1-"'.    !n«^ 
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Bahb  a^td  Bc35E5  :  6L7  (O  =  16). 

Determined  bj  sataradng  the  oxide  with  sulpharic  add 
as  in  the  determinatioQ  of  erbiam,  q,  r.  PartiiJ  reciyalal* 
lization  does  not  produce  pore  yttriam  nitrate,  bot  only 
concentrates  traces  of  didviniam  in  the  salt.  Didymiom 
mnst  be  separated  with  potassic  sulphate.  Erbium  nitrate 
is  more  easily  decomposed  by  heat  than  yttrium  nitrate. 
The  nitrates  were  therefore  partially  decomposed,  yttrium 
nitrate  dissolved  out  and  the  process  repeated  until  there 
was  no  trace  of  erbium  or  «lidymium  visible  in  the  spectro- 
scope. The  mean  of  two  determinations  gave  Y'  =  30.85; 
difference,  0.1.     3  =  16.     {Liebig^s  Am,.  137^  1866,  21.) 

M.  Dklapostaise  :  58.5  (O  =  16). 

Determined  by  three  experiments  on  the  sulphate  which 
gave  in  mean  48.23  per  cent,  oxide  for  S  =  32.  [In  the 
Jakre^bmeht  this  determination  is  reported  as  ^ving  Y  = 
74.5.  Yttrium  is  apparently  a  misprint  for  ytlnum  oxide.] 
The  yttrium  salt  seems  to  have  been  prepared  aocordiuff  to 
the  method  of  Bahr  and  Bunsen.  {Kx)pp*s  Jahrtsbenekt^ 
1866, 184 ;  BAL  Univ.,  Arch,  des  Semees,  (2),  «5, 1866, 112.) 


P.  T.  Clkvb  AJfD  O.  M.  HoEGLUSD :  59.7  (O  =  16). 

Determined  by  analysis  of  the  sulphate.  The  oxide  was 
purified  bv  heating  the  nitrates,  etc.,  according  to  X.  J. 
Berlin.  (Ifelomstrand,  in  Bfrlin^  Beriehi  dor  Okan.  ffei., 
1878,  1467;  Bihang  till  Vet  Akad.  Bandl^  1873,  B.  1,  S, 
No.  8.) 


ZIXC. 

The  specific  heat  of  zinc  has  been  determined  by  Biq;iiaalt 
and  others.     The  vapor  density  of  volatile  organic  eom- 

?>unds  has  been   determined  by  Frankland  and  othen. 
hese  experiments  asrree  in  placing  the  atomic  weig^at 
about  65.     {Gmelin-^raut,  I  c;  L.  Jleya-j  L  c.) 

Gat-Lussac,  BERZELirs,  WoLLASTOS  :  eSS^  ^■ 
16) ;  409.67  (O  =  lOOj. 

In  his  experiments  on  the  oxidation  of  ane 
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ind  that  100  Zri  =  24.41  oxygen.     This  valae  ia  repeatedly 

ted  in  hia  memoir.     {Gilbert's  Ann.,  SO,  1811,  297;  JUt 

\oirt  D'Arceuil,  S,  174.)     WollaBton  givea  the  same  figures 

_    n   G«y-Lu8aac'a  authority.     {Phil.   Trans.,   Wi,  1814,  21.) 

"Wollaaton  calculates  from  these  data  Zii  =  410,  (0  =100.) 

Bcrzeliua  in  each  of  two  experiments  got  100  Zn  =  124.4 

oxide.     [Gilbert's  Ann.,3T,  1811,  460.)     In   Poggend.  Ann., 

S,  1826,  184,  as  well  as  in  his  Lekrbuch,   Berzelius  cites 

■^  ly-Lassao  as  having  found  100  Zn  =  24.8  oxygen.      He 

•tea  that  his  own   determinations  were  in  perfect  accor- 

ucc  with   these   figures,  and   calculates   from  them   the 

araic  weight  of  zino  at  403.226  or  64..53,  and  this  was  the 

oept«(]  value  for  many  years.     I  cannot  find  any  other 

Ictcrmi nation 8  by  either  of  these  chemists,  and  am  obliged 

~  sufiposL-  that  there  was  a  mistake  made  in  recording  the 

ila  from   ivhich  Bcrzelius  made  his  calculations ;   if  so, 

is    rcmarkahJe   that   neither   Berzelius   nor    the   other 

ihetnists  who  determined  this  value  perceived  it;  for  the 

|Deetion  was  reopened  duriug  Berzelius'  life,  and  A.  Erd- 

lann  made  his  determination  at  Berzelius'  request. 

V.  A.  Jachcelin:  66.S4.{0  =  16);  414  {0  =  100). 

Thia  number  was  reached  by  measuring  the  amount  of 
tvdrogeo  developed  by  a  known  weight  of  zinc  from  sul- 
Jnuric  acid  on  the  supposition  that  the  specific  gravity  of 
lydrogen  is  0.0624.  The  results  seem  to  have  been  incon- 
btctit.  Subsequently  Jacquetain  arrived  at  the  same 
lumber  by  oxidising  an  impure  zinc  of  known  composi- 
lon.  {Paris  Comptes  Rend.,  U,  1842,  036:  and  Annai  rfe 
?Aj»i.  rf  <U  Piij/».,  (3,)  7,  1843,  204.) 

P.  A.  FaVRE:  66,  (0=  16);  412.5  (0  =  100). 

Fttvrc  made  four  experiments  on  the  combustion  of  zinc 
:nlate,  the  carbon  di-oxide  being  collected  and  its  weight 
impared  with  that  of  the  oxide.  The  mean  result  was 
1  =412.66;  extreme  difference,  1.11.  C  =  75.  He  also 
le  three  experiments  by  passing  the  hydrogen  developed 
ly  a  known  weight  of  zinc  over  cupric  oxide,  the  water 
leing  caught  These  experiments  gave  in  mean  Zn  = 
112.16;  extreme  difference,  0.65  for  11  =  12.5.  {Annat.  de 
ytm.  tt  tU  Phj/s.,  (3),  10, 1844,  163.) 

A.  Eromakn;  65.05  (0  =  16);  406.591  (0  =  100). 
Determioed  by  oxidizing  pure  zinc  with  nitric  acid,  and 
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drivioe  off  the  acid  by  heating  the  nit  in  a  porcelain  cmd- 
ble.  Flatinnm  is  attacked.  The  number  is  the  mean  of 
fonr  ezperimentfi;  extreme  difference,  0.696.  The  anc 
was  prepared  by  mixing  pore  oxide  with  carbon,  and  diatOl- 
ing  in  a  current  of  hyorogen.  {Barzdaa^  JakresberidUy  SJ^ 
1844, 182 ;  (Efierngt  of  KangL  Vet  AhauL  BaidL,  i,  8.) 


ZIRCONIUM. 


Deville  and  Troost  have  determined  the  vapor  density  of 
the  chloride.  It  agrees  with  an  atomic  weight  of  about  90. 
(Zf.  Meyer ^  I.  c.)  , 

J.  J.  Bebzelius  :  89.6  (O  =  16). 

In  one  experiment  the  sulphate  was  decomposed  with 
ammonic  hydrate,  the  oxide  weighed  and  the  sulphuric 
acid  precipitated  with  barium  chloride.  In  five  experi- 
ments the  sulphate  was  decomposed  at  a  white  heat,  ammo- 
nium carbonate  being  added  at  the  close  of  the  operation. 
The  mean  result  was  that  100  parts  of  sulphuric  anhydride 
unite  with  75.853  parts  of  zirconium  oxide ;  extreme  differ- 
ence, 0.23.  Berzelius  deduces  the  value  840.08  for  0  = 
100,  8  =  201.165;  on  the  supposition  that  the  oxide  con- 
tains three  atoms  of  oxygen.  [Being  a  binoxide,  tliis  re- 
lation gives  Zr  =  89.6  for  O  =  16.]  The  sulphate  seems  to 
have  been  prepared  by  dissolving  the  oxide  in  sulphuric 
acid  and  expelling  the  excess  of  acid  by  heat.  {Poggend, 
Ann.y  4, 1825,  126.) 

R.  Hermann  :  ' 

This  chemist  made  some  experiments  on  the  chloride 

fetting  in  three  determinations  a  mean  of  889.45  for  O  = 
00  and  on  the  tri-oxide  supposition.  The  extreme  differ- 
ence was  20.1.  01  =  443.65.  The  chloride  was  produced 
by  heating  the  oxide  with  carbon  in  a  current  of  chlorine. 
Iiermann  iulopts  not  his  own  but  Berzelius'  determinatioii* 
(Erdmanri^s  Jonrn.  fur  Prak.  Chem.y  31^  1844,  77.) 

C.  Marion  AC:  90  (0  =  16).  ^ 

Determined  from  analyses  of  potassium  *■ 
The  salt  was  decomposea  with  sulphuric 
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of  acid  driven  off  by  heat,  the  residae  weighed,  the 
potassic  sulphate  leached  out  with  water,  and  the  residue 
again  weiebed.  Marignac  does  not  pretend  that  the  deter- 
mination 18  accurate.  The  results  gave  from  45.01  to  45.48. 
He  thinks  that  some  potassic  sulphate  may  have  escaped 
solution,  and  therefore  takes  the  minimum.  E  =  39,  8  = 
16. 

According  to  Marignac,  Deville  also  found  the  atomic 
weight  of  zirconium  somewhat  higher  than  Berzelius  by 
analysis  of  the  chloride  with  which  he  determined  the 
vapor  density.  {Anncd.  de  Chim.  et  de  Phys.y  (3,)  60 j  I860, 
257.) 


APPENDIX. 


DETERxMINATIONS  BY  T.  THOMSON. 

lu  Thomson's  Annals  of  PkUosophi/,  volumes  16  and  17, 
1820-21,  Tbomsou  published  a  series  of  papers  descrip- 
tive of  experiments  undertaken  for  the  purpose  of  verifying 
Proat'B  hypothesis.  His  method  consisted  in  mixing  re- 
jLgeata  in  what  he  considered  equivalent  proportions,  and 
after  precipitation  examining  portions  of  the  supernatant 
liquid  for  an  excess  of  each  of  the  salt^  supposed  to  neu- 
traliztt  one  another.  In  ail  except  four  cases,  either  the 
Bait  analyzed  was  a  sulphate  and  the  precipitant  barium 
ebtoridc,  or  the  determination  was  dependent  upon  such 
•D  analysis  ;  yet  although  Thomson  took  barium  =^  70,  in 
BO  instance  was  he  able  to  detect  either  barium  or  Bul- 
pburic  acid  in  the  residual  solution  when  the  quantity  of 
the  re-agents  corresponded  to  the  atomic  weights  which  he 
«dopts.  Comparison  of  his  results  with  those  reached  by 
more  accurate  experimenters  will  make  this  exact  neutrali- 
sation appear  impossible,  nor  were  his  contemporaries  able 
to  repeat  his  experiraenta  successfnlly.  Thomson's  deter- 
Biinations  are,  as  such,  utterly  valueless,  yet  as  they  were 
for  many  years  extensively  accepted  in  English  and  Ameri- 
can scientific  literature  they  are  inserted  here  for  reference. 
In  the  following  table  Thomson's  numbers  are  multiplied, 
when  necessary,  for  the  aake  of  comparison  with  the  values 
now  accepted. 

Deter uis ATI OKS  Involvino  Bakiuu  =  70. 

.Arsenic 76     Magnesium 24 

Barium 140    Manganese 56 

Bismuth ___216    Nickel 52 

Calciam 40     Nitrogen 14 

Carbon 12    Phosphorus.. 


Chlorine  . 


Chromium 56  Silver- 
Cobalt. 52  Sodium 

Copper 64  Strontium  __. 

Iron 56  Sulphur 

Lead... 208  Zinc 


Potassium 40 

.--.no 

24 
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^^t^rj  1A     ^/  tfj  tTj^Titnitx.  <£  21&  ozade  into  chloride. 
T\u  «t  119  uj  yicAassMXk  viA  zsixric  add. 


|{KW;CTIOX  OF  WEIGHIXGS  TO  VACUUM. 

tti  dWruMin^  the  analyses  recorded  in  the  foregoing  pages, 
or  lu  n;condling  atomic  weight  determinations  by  vanons 
ii\mm\niMf  it  may  be  found  convenient  to  employ  the  follow- 
Uifi  UihUu  The  maximum  error  involved  is  less  than  0.01 
imr  amit  or  0«1  milligram  per  gram. 

fiUAM  WKIOJITS   BEING  OF  BRASS,  FRACTIONS  OF  PLATINUM. 

Vnr  HttlmtanccM  the  sp.  gr.  of  which  exceeds  6.1;  no  cor- 
rpiMlnn  U  n<»ooMwiry. 

Knr  »itilmtiitio(m  the  np.  gr.  of  which  is  less  than  6.1 : — 
71)  oonrH  thr  entire  grams ;  multiply  their  nnmber  by  the 
oorri^cMloti  In  tlio  tabic  opposite  the  sp.  gr.  of  the  substance, 
Hmtul  In  tho  first  oolunm,  and  add  the  product  to  the  observed 

i\)  ^ssrviYt  thr  frttctions  of  a  gram^  multiply  the  correction 
o|t|Hmlto  tho  up.  gr.  of  tho  sublstance,  found  in  the  third  col- 
\nnn  of  tho  tnblo,  hv  tho  iirst  two  decimal  figures  of  the 
\^)>ii0rvod  \vol|;ht«  if  Aio  sp.  gr.  of  the  substance  is  Itss  than 
S,  rtn\l  l\v  tho  tlrnt  dooimal  only,  if  the  sp.  gr.  exceeds  S,  and 
nJd  tho  \M\Hluot  to  tho  olvsorvod  weight. 

K\X  WK\<^HTJ»   rSKP   BElNe  OF  PLATINUM. 

For  i^wWtativw  tho  *p,  ^.  of  which  exceeds  7.8,  no  oorret- 

VxM  fr.Wt*«xVs  tbo  i^jv  cr.  of  which  is  less  than  7^: — 
\ti.'t^\\\  iV,t^  ^vrr^v^tix^n  i>}Njv^to  iho  sp.  fir,  of  the  sabiduice, 
♦;v,ro.  -r.  iK^  ihhr.  ^<\\mx\.  K  tho  ruialieT  of  crams,  teotlia 
ars;  )  r,?rx^>v,ih?  x^S«^rv^,i  -if  ih^^  *r^  cr.  m.j$  short  of  S,  or 
h>  :)v  '  r.n-Kv  ot  cr*ri">*  iwrj*^  rorthiC  if  the  i|c  gr.  CBOwia,,  j 

^v  t3f.hV  i^W^>^:rhir^'h«  ^iTrj:»i:i? 
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(  WeighU  of  Brass)  for 

Correction  per  Oram. 

(  WeighU  of  Platinum)  for 

Speeifie  Oramty 

between — 

Error  <  ^  Mg. 

Specific  Gravity  between — 

27.788  and  11.064 

—0.000  067  gram. 

11.064 

6.904 

0.000  000 

51.766  and  18.668 

6.904 

6.019 

+0.000  067 

18.668 

7.807 

5.019 

8.948 

0.000  188 

7.807 

6.480 

8.948 

8.247 

0  000  200 

6.480 

4.222 

8.247 

2.769 

0.000  267 

4.222 

8.488 

2.769 

2.899 

0  000  888 

8.488 

2.898 

"2.899 

2.122 

0.000  400 

2.898 

2.600 

2.122 

1.008 

0.000  -467 

2.600 

2.201 

1.908 

1.724 

0.000  688 

2.201 

1.966 

1.724 

1.676 

0.000  600 

1.966     ' 

1.776 

1.676 

1.462 

0.000  667 

1.776 

1.619 

1.462 

1.877 

0.000  788 

1.619 

1.488 

1.877 

1.264 

0000  800 

1.488 

1.877 

1.264 

1.174 

0.000  867 

1.877 

1.281 

1.174 

1.108 

0.000  988 

1.281 

1.197 

1.108 

1.041 

0.001  000 

1.197 

1.124 

1.041 

0.986 

0.001  067 

1.124 

1.069 

O.OOl  188 

1.069 

1.002 

0.001  200 

1.002 

0.960 

(Sttt.  Amer.  Jour.,  16, 1878,  265;  Liebig's  Ann.,  196, 1879, 
222.) 
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INTRODUCTION. 


In  the  autumn  of  1877  the  writer  began  collecting  data 
relative  to  the  determinations  of  atomic  weights,  with  the 
purpose  of  preparing  a  complete  resume  of  the  entire  sub- 
ject, and  of  recalculating  all  the  estimations.  The  work 
was  feiriy  under  way,  the  material  was  collected  and  partly 
discussed,  when  I  received  from  the  Smithsonian  Institu- 
tion a  manuscript  by  Professor  George  F.  Becker,  entitled 
"  Atomic  Weight  Detenninations :  a  Digest  of  the  Investi- 
gations Published  since  1814."  This  manuscript,  which  has 
lately  been  issued  as  Part  IV  of  the  "  Constants  of  Nature," 
covered  much  of  the  ground  contemplated  in  my  own 
undertaking.  It  brought  together  all  the  evidence,  pre- 
senting it  clearly  and  thoroughly  in  compact  form;  in 
short,  that  portion  of  the  task  could  not  well  be  improved 
upon.  Accordingly,  I  decided  to  limit  my  own  labors  to  a 
critical  recalculation  of  the  data ;  to  combine  all  the  figures 
upon  a  common  mathematical  basis,  and  to  omit  everything 
which  could  as  well  be  found  in  Professor  Becker*s  "  Digest." 

At  the  very  beginning  of  my  work  certain  questions  con- 
fronted me.  Should  I  treat  the  investigations  of  different 
individuals  separately,  or  should  I  combine  similar  data  to- 
gether in  a  manner  irrespective  of  persons  ?  For  example, 
ought  I,  in  estimating  the  atomic  weight  of  silver,  to  take 
Stas'  work  by  itself,  Marignac's  work  by  itself,  and  so  on, 
and  then  average  the  results  together;  or  should  I  rather 
combine  all  series  of  figures  relating  to  the  composition  of 
;>otassium  chlorate  into  one  mean  value,  and  all  the  data 
concerning  the  composition  of  silver  chloride  into  another 
mean,  and,  finally,  compute  from  such  general  means  the 
constant  sought  to  be  established?  The  latter  plan  was 
finally  adopted ;  in  fact,  it  was  rendered  necessary  by  the 
method  of  least  squares,  which  method  was  alone  adequate 
to  sapply  me  with  good  processes  for  calculation. 

(VII) 
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The  mode  of  discussion  and  combination  of  results  was 
briefly  as  follows.  The  formulae  employed  are  given  in 
another  chapter.  I  began  with  the  ratio  between  oxvfjen 
and  hydrogen ;  in  other  words,  with  the  atomic  weight  of 
oxygen  referred  to  hydrogen  as  unity.  Each  series  of  ex- 
periments was  taken  by  itself,  its  arithmetical  mean  was 
found,  and  the  probable  en-or  of  that  mean  was  computed. 
Then  the  several  means  were  combined  according  to  the 
appropriate  fonnula,  each  receiving  a  weight  dependent 
upon  its  probable  error.  The  general  mean  thus  established 
was  taken  as  the  most  probable  value  for  the  atomic  weight 
of  oxygen,  and,  at  the  same  time,  its  probable  error  was 
mathematically  asssigned. 

Next  in  order  came  a  group  of  elements  which  were  best 
discussed  together,  namely,  silver,"  chlorine,  potassium,  so- 
dium, bromine,  iodine,  and  sulphur.  For  these  elements 
there  were  data  from  thirteen  exj»erimenters.  All  similar 
tiginvs  were  tii*i«t  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general 
means.  Thus  all  the  data  were  condensed  into  twenty 
ratios,  from  which  several  independent  values  for  the  atomic 
weight  of  each  element  could  be  computed.  The  probable 
erroi*s  of  tlu^e  values,  however,  all  involved  the  probable 
error  of  the  atomic-  weight  of  oxygen,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element 
not  entered  into  consideration.  Here,  then,  we  have  sug- 
gested a  chii'f  peculiarity  of  this  whole  revision.  The 
atomic  weight  i>f  each  ek-ment  involves  the  probable  errors 
of  all  the  other  ilonunts  to  whieh  it  is  directly  or  indirectly 
refernnl,  .Vccordiuirlv,  an  atomic  weight  determined  bv 
reference  to  elenunts  whose  atomic  weights  have  been  defec- 
lively  iisi'oriaincd  will  receive  a  liigh  probable  error,  and  its 
wcighi,  when  coinbimd  with  oih^r  vahu's,  will  be  relatively 
low.  For  exauiplo.  an  aioniic  wriirht  ascertained  bv  direct 
roiuparisoii  wiili  hydrogen  will,  tether  things  being  equals 
bave  a  lower  probablr  error  tlian  one  which  is  referred  to 
livdroi;en  through  \\w  'luwi'wiv/K^n  of  oxygen;  and  a  metal 
\vlii»M'  e*iuivalcin  involves  only  ihe  probable  error  of  oxygea 
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will  be  more  exactly  known  than  one  which  depends  upon 
the  greater  errors  of  silver  and  chlorine.  These  points 
will  appear  more  clearly  evident  in  the  subsequent  actual 
discussions. 

But  although  the  discussion  of  atomic  weights  is  osten- 
sibly mathematical,  it  cannot  be  purely  so.  Chemical  con- 
siderations are  necessarily  involved  at  every  turn.  In  as- 
signing weights  to  mean  values  I  have  been,  for  the  most 
part,  rigidly  guided  by  mathematical  rules;  but  in  some 
cases  I  have  been  compelled  to  reject  altogether  series  of  data 
which  were  mathematically  excellent,  but  chemically  worth- 
less because  of  constant  errors.  In  certain  instances  there 
were  grave  doubts  as  to  whether  particular  figures  should 
be  included  or  rejected  in  the  calculation  of  means ;  there 
having  been  legitimate  reasons  for  either  procedure.  Prob- 
ably many  chemists  would  differ  with  me  upon  such  points 
of  judgment.  In  fact,  it  is  doubtful  whether  any  two  chem- 
ists, working  independently,  would  handle  all  the  data  in 
precisely  the  same  way,  or  combine  them  so  as  to  produce 
exactly  the  same  final  results.  Neitlier  would  any  two 
mathematicians  follow  identical  rules  or  reach  identical  con- 
clusions. In  calculating  the  atomic  weight  of  any  element 
those  values  are  assigned  to  other  elements  which  have  been 
determined  in  previous  chapters.  Hence  a  variation  in  the 
order  of  discussion  might  lead  to  slight  differences  in  the 
final  results. 

As  a  matter  of  course  the  data  herein  combined  are 
of  very  unequal  value.  In  many  series  of  experiments 
the  weighings  have  been  reduced  to  a  vacuum  standard; 
but  in  most  cases  chemists  have  neglected  this  correc- 
tion altogether.  In  a  majority  of  instances  the  errors  thus 
introduced  are  slight ;  nevertheless  they  exist,  and  interfere 
more  or  less  with  all  attempts  at  a  theoretical  consideration 
of  the  results.  For  example,  they  affect  seriously  the  in- 
vestigation of  Front's  hypothesis,  and  are  often  great  enough 
to  account  for  seeming  exceptions  to  it.  Such  questions  as 
these  will  be  considered  in  the  appendix. 

Another  serious  source  of  error  affecting  many  of  the  re- 
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s-Mltu  v/ar  i.o*  'I'-zovf-r-ri  'intil  re.-eniiy.  A  large  number  of 
<'hUi]riiiiUoU':  ha'l  ry.-'.-r.  actually  finished,  involving,  among 
otJi'rr  tlji;i;(-,  thf.-  greater  part  of  Stas'  work,  when  Dumas 
j;«jl;Ii-Ji'yl  Jji-?  inv^.-stigatioii  uf/on  the  occlusion  of  oxygen  by 
hi  Ivor.  Hon;  it  was  shown  that  a  very  great  numl^er  of 
ntornic  weight  ^loterminations  must  have  been  vitiated  by 
c.ouHiiiui  <;iTors,  which,  though  constant  for  each  series,  were 
proh;iMy  of  difloront  magnitude  in  different  series,  and, 
lliru'lhri'^  could  not  be  svstematicallv  corrected  for.  At  the 
tlMM?  of  \\ni  jinnouncement  of  this  discovery  of  Dumas  my 
work  WHS  so  far  under  way  that  I  thought  it  best  to  com- 
plch'  my  «lis<'Ussion  without  reference  to  it,  and  then  to 
HlUily  its  influence  in  the  appendix.  In  the  chapter  upon 
iiluniinuni,  however,  it  will  be  noted  that  Mallet  eliminated 
this  err(»r  in  great  jmrt  from  his  experimental  results. 

Neet»ssiirilv,  this  work  omits  manv  details  relative  to  ex- 
p(*rinien(iil  nu^t hods,  and  particulars  as  to  the  arrangements 
of  sptvial  forms  of  apparatus.  For  such  details  original 
nuMuoirs  must  bo  eonsultod.  Their  inclusion  here  would 
have  nMuleroil  the  work  unwarrantably  bulkv.  There  is 
siieh  a  thinir  as  over-ex haustivonoss  of  treatment,  which  is 
e«|ually  i^bjeetionaMe  with  undor-thoroughness. 

kM^  eonrse,  none  of  the  results  reached  in  this  revision 
ean  Iv  eonsiilored  as  tinal.  Kverv  one  of  them  is  liable  to 
repeated  eorrevtions.  To  my  mind  the  real  value  of  the 
wxM'k.  J'. real  or  litile.  lies  in  another  direction.  The  data 
ha\e  been  bn^ucl't  iocetl:or  an^i  rcduecvl  to  common  stand- 
i;v/is.  ar.»l  t'v^v  ear!j  >erie>  of  ::ci:ro<  :lio  prol^ble  error  has 
l\^:i  ^ie;ev:v.::;i\;  Thiis  :V;r.  l..>wevor  much  mv  methcKis 
^{  s  .K\\\\\\i\xw\\  *\\i\\  \\  ^r:::v::;v..  I  t\\;'  :ha:  iiiv  lal"»or?  will 
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have  been  freely  used  by  me  in  the  preparation  of  this 
volume : 

Bebzelius,  J.  J.  Lehrbuch  der  Chemie.  5  Auflage.  Drit- 
terBand.    SS.  1147-1231.    1845. 

Van  Geuns,  W.  A.  J.  Proeve  eener  Geschiedenis  van  de 
iEquivalentgetallen  der  Scheikundige  Grondstoffen 
en  van  hare  SoorteHjke  Gewigten  in  Gasvorm,  voor- 
namelijk  in  Betrekking  tot  de  vier  Grondstoffen  der 
Bewerktuigde  Natuur.    Amsterdam,  1853. 

Mulder,  E.  Historiseh-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  -^quivalent-Gewigten  van  13  Eenvoudige 
Ligchamen.    Utrecht,  1853. 

Mulder,  L.  Historiseh-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  -^quivalent-Gewigten  van  24  Metalen. 
Utrecht,  1853. 

OuDEMANS,  A.  C,  Jr.  Historiseh-Kritisch  Overzigt  van  de 
Bepaling  der  -^quivalent-Gewigten  van  Twee  en 
Twintig  Metalen.    Leiden,  1858. 

Stab,  J.  S.  Untersuchungen  iiber  die  Gresetze  der  Chem- 
ischen  Proportionen  iiber  die  Atomgewichte  und  ihre 
gegenseitigen  Verhaltnisse.  Uebersetzt  von  Dr.  L. 
Aronstein.    Leipzig,  1867. 

The  four  Dutch  monographs  above  cited  are  especially 
valuable.  They  represent  a  revision  of  all  atomic  weight 
data  down  to  1863,  as  divided  between  four  writers. 
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FORMULA  FOR  THE  CALCULATION  OF 

PROBABLE  ERROR. 


Although  the  ordinary  formula  for  the  probable  error  of 
an  arithmetical  mean  is  familiar  to  all  physicists,  it  is  per- 
haps best  to  reproduce  it  here,  as  follows : 


(^•)  '  =  ^  -^745  ^y^^^ 


) 


Here  n  represents  the  number  of  observations  or  experi- 
ments in  the  series,  while  S  is  the  sum  of  the  variations  of 
the  individual  results  from  the  mean. 

In  combining  several  arithmetical  means,  representing 
several  series,  into  one  general  mean  each  receives  a  weight 
indicated  by  its  probable  error ;  greater  as  the  latter  becomes 
less,  and  vkc  versa.  Let  A,  B,  C,  etc.,  be  such  mean  results, 
and  a,  6,  c,  their  probable  errors  respectively.  Then  the 
general  mean  is  determined  by  this  formula : 

(2.)  M  = ^ 

III 

■^  "^  >■  +  "^r  •  •  • 
For  the  probable  error  of  this  general  mean  we  have : 


(3.) 


\«'^  "^  //^  +  ^-i  •  •  • 


In  the  calculation  of  atomic  and  molecular  weights  the 
following  formulae  have  been  employed.  For  assistance  in 
connection  with  them  my  thanks  are  due  to  Professors  H. 
T.  Eddv  and  E.  W.  Hvde  of  the  Universitv  of  Cincinnati. 

'  Using,  as  beforcj  cai)ital  letters  to  represent  known  quan- 
tities and  small  letters  for  their  probable  errors  respectively. 
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we  have  for  the  sum  or  difference  of  two  quantities,  A  and 
B: 

(4.)  ^  =7  i/jnr^ 

For  the  product  of  A  multiplied  by  B  the  probable  error  is 

(5.)  *  ^  =  i/(A^)«  +  {Bay 

For  the  product  of  three  quantities,  ABC : 

(6.)  '  =  |/(BGj)«  -f-  (AO)'  -f-  (AB<r)« 

For  a  quotient,  ^,  the  probable  error  becomes 


(7.)  ,  .  V(x)'  ^  - 


Given  a  proportion,  A  :  B  : :  C  :  a;,  the  probable  error  of 
the  fourth  term  is  as  follows : 


(8.) 


.  =  x/(lZ 


4-  (Cdy  +  (Be)* 


This  formula  is  used  in  nearly  every  atomic  weight  cal- 
culation, and  is,  therefore,  exceptionally  important.  Rarely 
a  more  complicated  case  arises  in  a  proportion  of  this  kind : 

A:B::C-fjr:D-f-x^ 

In  this  proportion  the  unknown  quantity  occurs  in  two 
terms.  Its  probable  error  is  found  by  this  expression,  and 
is  always  large : 


(9.)  ^  =  ^S4^(^'"'+^'^')  + 


lA  -  B;'' 


When  several  independent  values  have  been  calculated 
for  an  atomic  weight  they  are  treated  like  means,  £tnd  com- 
bined according  to  formulae  (2)  and  (3.)    Each  final  result 
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is,  therefore,  to  be  regarded  as  the  general  mean  of  all  re- 
liable determinations.  This  method  of  combination  may 
not  be  the  best  one  theoretically  possible,  but  it  seemed  to 
be  the  only  one  practically  available.  The  data  are  too  im- 
perfect to  warrant  the  use  of  much  more  elaborate  processes 
of  discussion. 


recaicdlahon  of  ie  mm  weigbts. 


OXYGEN. 

The  ratio  between  oxygen  and  hydrogen  is  the  foundation 
upon  which  the  entire  system  of  atomic  weights  depends. 
Hence,  the  accuracy  of  its  determination  has,  from  the 
beginning,  been  recognized  as  of  extreme  importance.  A 
trifling  error  here  may  become  cumulative  when  repeated 
through  a  moderate  series  of  other  ratios. 

Leaving  out  of  account  the  earliest  researches,  which  have 
now  only  a  historical  value,  we  find  that  three  methods 
have  been  employed  for  fixing  this  important  constant. 
First,  the  synthesis  of  water,  effected  by  passing  hydrogen 
gas  over  red  hot  oxide  of  copper.  Secondly,  the  exact 
determination  of  the  relative  density  of  the  two  gases. 
Thirdly,  by  weighing  the  quantity  of  water  formed  upon 
the  direct  union  of  a  known  volume  of  hydrogen  with 
oxygen. 

The  first  of  these  methods  has  been  employed  in  three 

leading  investigations,  namely,  by  Dulong  and  Berzelius,* 

by  Dumas,  and  by  Erdmann  and  Marchand.    The  essential 

features  of  the  method  are  in  all  cases  the  same.    Hydrogen 

gaa  is  passed  over  heated  oxide  of  copper,  and  the  water 

thus  formed  is  collected  and  weighed.    From  this  weight 

and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact 

composition  of  water  is  readily  calculated.     Dulong  and 

Berzelius  made  but  three  experiments,  with  the  following 

results  for  the  percentages  of  oxygen  and    hydrogen  in 

in  water: 

o.  H. 

88.942  11.058 

88.809  II. 191 

88.954      '  11.046 

*  Thomson's  Annals  of  Philosophy,  July,  182 1,  p.  50. 
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These  figures,  rather  roughly  determined,  and  by  no 
means  exact  enough  to  meet  the  requirements  of  modem 
science,  give  a  mean  value  of  16.021  for  the  atomic  weight 
of  oxygen.  As  the  weighings  were  not  reduced  to  a  vacuum, 
this  correction  was  afterwards  applied  by  Clark,*  who  showed 
that  these  syntheses  really  make  0  =  15.894;  or,  in  Ber- 
zelian  terms,  if  0  =  100,  H  =  12.583. 

In  1842  Dumasf  published  his  elaborate  investigation 
upon  the  composition  of  water.    The  first  point  was  to  get 
pure  hydrogen.    This  gas,  evolved  from  zinc  and  sulphuric 
acid,  might  contain  oxides  of  nitrogen,  sulphur  dioxide, 
hydrosulphuric  acid,  and  arsenic  hydride.    These  impuri- 
ties were  removed  ii>  a  series  of  wash  bottles ;  the  H,S  by  a 
solution  of  lead  nitrate,  the  HjAs  by  silver  sulphate,  and 
the  others  by  caustic  potash.    Knally,  the  gas  was  dried  by 
passing  through  sulphuric  acid,  or,  in  some  of  the  experi- 
ments, over  phosphorus  pentoxide.    The  copper  oxide  was 
thoroughly  dried,  and  the  bulb  containing  it  was  weighed.' 
By  a  current  of  dry  hydrogen  all  the  air  was  expelled  from 
the  ap{uinUus,  and  then,  for  ten  or  twelve  hours,  the  oxide 
of  oopj>er  was  heateii  to  dull  redness  in  a  constant  stream  of 
the  gas.    The  roiluced  copper  was  allowed  to  cool  in  an 
atmosphere  of  hydrogen.    The  weighings  were  made  with 
the  bulbs  exhausteii  of  air.    The  following  table  gives  the 
rt^ults : 

Column  A  ivntains  the  symbol  of  the  drying  substance. 
B  gives  the  weight  of  the  bulb  and  copper  oxide.  C,  the 
weight  of  bulb  and  nxluctxi  copper,  D.  the  weight  of  the 
ves^i^el  us^xl  for  vvlUvtiug  the  water,  E.  the  same,  plus  the 
water  t\  the  weight  of  oxvg^^n.  G,  the  weight  of  water 
foruuxl  \\.  the  eruJe  equivalent  of  H  when  O  =  10,000. 
L  the  eviuivalent  of  IL  ^.vrrvvtevi  tor  the  air  contained  in  the 
sul|*hurio  acid  empU\ve\l.  This  oorr^'tion  is  not 
aiul  :«wms  to  Iv  v|U\*stivniabie. 


•  l'^i'.v.>v»i»i^  cJt"  Mi^ojric.  ^i  >«:r«*  ».  54,1. 


OXYGEN. 


>OOMO>OO«OO»«OhO0000NNmm|^O 
0\M  t^  ^  ^  u^  «0  OS  »nOQ  ^  O  ^^*^  SSS^ 


ir> 


fO^  N 


ro  »««  M  00  NO  »0  w^OO 
•     ••••••  _• 

••  fO  1^00  u^  O  t>  1>0Q^ 


,...X. «     »  .^   _?     I 

^«  fo^u^c^c**-  r^.00  c* r>. S^oo ^JT* !1%»^ SI 

•5  N  W  >0  00  ^  fO  »0*0  »0  »/^*0  NO  "^>0   ^  fO  f*>  **> 


OHM  i'^ 


^  o  >o  »*•  ••  oo  f*>  eo  o  CO  ov  pooo  oo  vo  fo  n 

f  O  fO  »'^Q0  00  OOO  w^l^OOO  ^l^«-  •^OO 


•i.  «  «  u^  r^  ^  «^  ^>5  u^  »r»  M^\0 


M  \0^0  ^  M  O 
W^  »/»  fO  f*>  f*>  fO 


.........  • 

ftT)  M  (i  00  fOvO  00  NO  o  cj. 
0\  M  NO  ^  t^  •"  t^  t**^  o^ 
^  u^  ^  Ch  OS  O^QO  00  00  t^ 


OS 


rooO  C*  QnOO 
C*  OS  »*•»*•  *• 


^2 

CS  OS  o^  o^ 


s^ 


6  00  OS  4 1^  r^  OS  4  M*  *«'  4  •«'  e«  ri  4o6  r^(  ' 


00 


Oooi^wootnO  fO-jOQ'o  a'S.^^^  «  %S*t2 
o5  M  M  00  **  **  **  t*»*0  ^  ^  ^r>i^ro»/^OsO0O 

«  fO  «  u^  »«*  ^\o  *noo  »^  "^*o  *^  "^OO  l^  l^  l^  »*• 


lAOO  M  OssO  so  t/1  «^  <^  ^'^  ^'^^  *^  ^ 
^  Ji>0  00  «?i  t^  OSSO  so  fOsO  «  00  ff 


tnti^M    f)    M    M 
W   ^  w^sO  so  «f> 

fooo  f*>»-  r^so 


^  «  t> 


?  Si  f*>s2  &  5s5  ^S  OssO  M^^ 


f*>  O  N  '^•sO  4  OS 
»*»s25  ^  r*i  tr%  tZ-i  \r% 
O  sO  sO   O^  t>i  t^  t^ 


I  t 


I  I 
I  I 
I 
I 


1  I 

; 

o «  •  « 

0* 


4  THE  ATOMIC  WEIGHTS. 

In  the  0tim  total  of  these  nineteen  experiments,  840.161 
grammes  of  oxygen  form  945.439  grammes  of  water.  This 
gives,  in  percentages,  for  the  composition  of  water,  oxygen 
88.864;  hydrogen,  11.136.  Hence  the  atomic  weight  of 
oxygen,  calculated  in  mass,  is  16.9608.  In  the  following 
column  the  values  are  given  as  deduced  from  the  individual 
(lata  given  under  the  headings  F  and  6 : 

,  15.994 

16.014 

16.024 

15.992 

15.9^6 

iS-9»6 

15-943 
16.000 

15.892 

15995 
15.984 
15.958 
15.90a 

15.987 
15.926 

15.992 

«5.9<H 
15.900 

16.015 


Mean,  15.9607.  with  a  probable  enor  of  db  'OOTa 

In  ^\ft)ouUtiu$  the  above  column  several  diacrqMndes 
wvw  U\M^h1»  pr^>lvibly  due  to  misprints  in  the  original  me- 
u\vN\v.  vM\  o^MUjviriuj:  c^>lumns  B  and  C  with  F,  or  D  and  E 
wit  U  V?.  Uu-w  AtuMUAlit^  chiefly  appear.  They  ware  detedsd 
,sud  \\it»t\Ul>'  \vn5^idewyi  in  ihe  course  <rf  my  own  calcok* 
tKM\5 :  AU^ix  I  lvno\\\  eamin^ied  mmi  the  final  rasiilL 

\^\e  )>A)vr  by  Kx\)n>Ar«u  and  Maiv^hand^  fitdloved  dosdf 
Aftvr  th^i^t  xMT  l^x^^vi^  Tho  r->eaiK>i  of  resoudi  HaauMn* 
^^aVvV  tW  ??%ttte  41:^  ^Hai  x^f  ;ho  ^^ai^w  obecnisi.  Tuyii^  atif 


•  \>».-»»    i   T*^v,    N^Mt.  ^Xii.  St. 
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ictnally  made  in  vacuo,  but  were,  nevertheless,  reduced 
vacuum  standard.  The  second  series  represents  actual 
um  weighings.  The  quantity  of  water  formed  in  each 
riment,  was  from  41.664  to  95.612  grammes.  I  give 
V  only  the  percentages  of  oxygen  and  hydrogen  in 
r  as  deduced  from  Erdmann  and  Marchand's  data : 


Fvrst  Series. 

o. 

H. 

88.836 

II. 164 

88.821 

II. 179 

88.874 

II. 126 

88.868 

Second  Series, 

II. 132 

0. 

H. 

88.887 

II. 113 

88.898 

II. 102 

88.895 

1 1. 105 

88.899 

II.IOI 

ence,  the  atomic  weight  of  oxygen  is,  as  follows : 

Firs/  Series.  Second  Series. 

15.915  15.997 

15.891  16.015 

15.976  16.010 

15.966  16.016 


Mean,  15.9369,  db  .0138  Mean,  16.0095,  rb  .0030 

16  eflFect  of  discussing  these  two  series  separately  is 
^what  startling.  It  gives  to  the  four  experiments  in 
nann  and  Marchand's  second  group  a  weight  vastly 
Ler  than  their  other  four  and  Dumas'  nineteen  taken 
iier.  For  so  great  a  superiority  as  this  there  is  no 
uate  reason ;  and  it  is  highly  probable  that  it  is  due 
«t  entirely  to  fortunate  coincidences,  rather  than  to 
ter  accuracy  of  work.  We  will,  therefore,  treat  Erd- 
n  and  Marchand's  experiments  as  one  series,  giving  all 
il  weight,  and  then  combine  them  with  the  results  ob- 
^  ^^  ^'^'•^as.    We  now  have — 
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Bjr  DoflMii O  =-  15.9607.  d=  .0070 

By  Efdmann  and  MzTtlmnd O  =  15.9733.  d=  .0113 


General  mean «.  O  =  15.9642,  db  .0060 

In  diiMumng  the  relative  density  of  oxygen  and  hydro- 
gon  gaM«  we  need  only  consider  the  more  modem  researches 
of  Dumas  and  Boossingault,  and  of  Begnaolt  As  the  old«r 
work  has  some  historical  value,  I  may  in  passing  just  cite 
its  rcHultfl.  For  the  density  of  hydrogen  we  have  .0769, 
LavoiHier ;  .0693,  Thomson ;  .092,  Cavendish ;  .0732,  Biot 
anrlArago;  .0688,  Dulong  and  Berzelius.  For  oxygen  there 
an^  tlio  following  determinations :  1.087,  Fourcroy,  Vauque- 
lin,  and  8(;guin;  1.103,  Kirwan;  1.128,  Davy;  1.088,  Allen 
and  Popys;  1.1036,  Biot  and  Arago;  1.1117,  Thomson; 
1.1056,  Do  Saussure;  1.1026,  Dulong  and  Berzelios;  1.106, 
Buff;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingaultf  published  their  deter- 
minutionH  of  gaseous  densities.  For  hydrogen  they  obtained 
vuhuv)  ranging  from  .0691  to  .0695 ;  but  beyond  this  mere 
Ntat^nuont  they  give  no  details.  For  oxygen  three  determi* 
ualionH  wen^  made,  with  the  following  results : 

I. 1055 
I. 1058 
I. 1057 


Meain.  1. 10567,  d=  .00006 

If  WO  t^^ko  tho  two  oxtrome  values  given  above  for  hydro* 
IttM),  «\nd  ix^^rii  them  as  the  entire  series,  they  give  na  a 
mtNU\  of  .i>t%V*\  ±  aHWIS, 

This  tue«in  hydroi^'ji  value,  combined  with  the  mean 
o\yjjxM\  \*«hu\  sivi>s  for  the  atomic  weight  of  the  latter  de- 
luont  the  t\un>lH>r  l,\^X>SS,  dr  .OSL 

Kt>jinault  V  rw»eaTvhe^  published  four  years  laia^  wen  of 

•  r»%i   \V«>sW*  ^\M<.  >*o«c  Borrcljos"  Uhrcsbcnch:  for  1S45.     F**" 

iV^T^'im^.  »NV  I>H*  |Wjs^;  *»rv»«,*\  oirts-*      Al:  the  o^her 

5  *>tv\fV    K^^rsi      XV.  li'^x 


OXYGEN. 


a  more  satis&ctory  kind.     Indeed,  they  are  among  the 

classics  of  physical  science ;  and  probably  approach  as  near 

to  absolute  accuracy  as  is  possible  for  experiment. 

For  hydrogen  three  determinations  of  density  gave  the 

following  results : 

.06923 
.06932 
.06924 

Mean,  .069263,  db  .000019 

For  oxygen  four  determinations  were  made,  but  in  the 
first  one  the  gas  was  contaminated  by  traces  of  hydrogen, 
and  the  value  obtained,  1.10525;  was,  therefore,  rejected  by 
Regnault  as  too  low.    The  other  thtee  are  as  follows : 

1. 1056 1 

1. 10564 

1. 10565 


Mean,  1. 105633,  db  .000008 

Now,  combining  the  hydrogen  and  oxygen  series,  we  have 
for  the  atomic  weight  of  oxygen,  15.9628,  ±  .0044.* 

Upon  combining  the  result  of  Regnault's  work  with  that 
from  Dumas  and  Boussingault's  we  get  the  following  value : 

From  Dtunas  and  Boussingault .  O  =  15.9538,  db  .031 

From  Regnault O  =  15.9628,  zt  .0044 


General  mean O  =  15.9627,  d=  .0043 

This  result,  it  will  be  seen,  agrees  remarkably  well  with 
that  obtained  in  the  experiments  upon  the  synthesis  of 
water. 

*  Since  these  computations  were  made,  Professor  John  Le  Conte  has  called  my 
attention  to  the  existence  of  slight  numerical  errors  in  Regnault^s  own  reductions. 
As  corrected  by  Le  Conte,  Regn^ult's  figures  give  1.105612  for  the  density  of 
oxygen,  and  0.069269  for  that  of  hydrogen.  Hence  the  atomic  weight  of  O  be- 
comes 15.961 1,  instead  of  15.9628.  The  difference  is  slight,  but  still  it  ought 
not  to  be  ignored.  All  the  computations  in  the  body  of  this  work,  having  been 
^WIm^  before  I  received  Professor  Le  Conte's  figures,  must  stand,  nevertheless, 
are.  For  farther  details  Le  Conte  refers  to  Phil.  Mag.,  (4,)  27,  p.  29, 
^  to  die  Smithsonian  Report  for  1878,  p.  428. 
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Tli<;  third  method  indicated  at  the  beginning  of  this  dis- 
<:umou  hiui  \)cen  recently  employed  in  part  by  J.  Thomsen* 
of  Copenhagen.  Unfortunately  this  chemist  has  not  pub- 
liHhed  thf^  details  of  his  work,  but  only  the  end  results. 
ThfcHc  Hcrve  to  confirm  the  values  for  oxygen  fixed  by  other 
niothodHi  but  they  cannot  well  be  included  in  the  systematic 
cliHcawHion.  Partly  by  the  oxidation  of  hydrogen  ova 
li04ite(l  copi)cr  oxide,  and  partly  by  its  direct  union  with 
oxygon,  'J'hoinHcn  finds  that  at  the  latitude  of  Copenhagen, 
and  lit  Hou  level,  one  litre  of  dry  hydrogen  at  0°  and  760 
1UIU.  proHHure  will  form  .8041  gramme  of  water.  According 
to  U(^Kii^^^il^»  ^^^  ^'^i^  latitude,  level,  temperature,  and  press- 
uro,  a  litre  of  hydrogen  weighs  .08954  gramme.  From 
those  data,  0  =  15.9605.  It  will  be  seen  at  once  that  Thom- 
son s  work  depends  in  great  part  upon  that  of  Regnault, 
and  Yot  that  it  affords  an  admirable  reinforcement  of  the 
lattor. 

It  is  now  plain,  in  conclusion,  that  all  the  different  lines 
of  rosoaroh  point  to  an  atomic  weight  for  oxygen  a  little 
Ih'Iow  \i\AX\  Five  distinct  investigations  confinn  each  other 
wondorfuUy.  rjH>n  combining  the  values  obtained  by  the 
two  ohiof  niotluxls  wo  get  the  following  final  results : 

f>vM«  x\Hihc>i>  of  water O  =  15.9642,  ±z  .0060 

Wvn)  jjA^<sMS>  ticnsitics «, O  =  15.9627,  ±z  •OG43 

In  tho  gononil  moan  the  atomic  weight  of  oxygen  be- 
vvnios  l^.*,X^v\  with  a  probable  error  of  dr  .0035.t 

•  IV.    »■..  iVwtv^h.  i'^CTT   iVscllArhaft,  iS^Ck  &.  02S. 

•*  W  i\'»Ts:<>  v\v.v<s"^N%r.  »M  Kc^TUiuh*  ?ip:re*  in^'odnced  here  voald 
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SILVER,  POTASSIUM,  SODIUM,  CHLORINE, 
BROMINE,  IODINE,  AND  SULPHUR. 

Tho  Atomic  weights  of  these  seven,  elements  depend  upon 
each  other  to  so  great  an  extent  that  they  can  hardly  be 
coosidored  independently.  Indeed,  chlorine,  potassium,  and 
eUvcr  have  always  been  mutually,  determined.  From  the 
slUo  between  silver  and  chlorine,  the  ratio  between  silver 
md  potassium  chloride,  and  the  composition  of  potassium 
eblorato,  these  three  atomic  weights  were  first  accurately 
fixed.  Similar  ratios,  more  recently  worked  out  by  Stas 
and  others,  have  rendered  it  desirable  to  include  bromine, 
iodine,  sulphur,  and  sodium  in  the  same  general  discussion. 
Sevc4-al  methods  of  determination  will  be  loft  altogether 
oat  of  account.  For  example,  in  1842  Marignac*  sought  to 
c  Ihe  atomic  weight  of  chlorine  by  estimating  the  quantity 
of  water  formed  when  hydrochloric  acid  gas  is  passed  over 
boated  oxide  of  copper.  His  results  were  wholly  inaccu- 
■ate,  and  need  no  further  mention  here.  A  little  later  Lau- 
rontt  redetermined  the  same  constant  from  the  analysis  of 
n  chloriuftted  derivative  of  naphthalene.  This  method  did 
not  admit  of  extreme  accuracy,  and  it  presupposed  a  knowl- 
edge of  the  atomic  weight  of  carbon ;  hence  it  may  be  prop- 
erty disregarded.  Manmen6st  analyses  of  the  oxalate  and 
■L-otatc  of  silver  gave  good  results  for  the  atomic  weight  of 
Uiat  metal;  but  they  also  depend  for  their  value  upon  our 
knowledge  of  carbon,  and  will,  therefore,  be  discussed  fur- 
ther on  with  reference  to  that  element. 

Lei  na  now  consider  the  ratios  upon  which  we  must  rely 
lor  aacertaining  the  atomic  weights  of  tlie  seven  elements  m 
question.    After  we  have  properly  arranged  our  data  we 
f  then  discuss  their  meaning.    First  in  order  we  may 


'Cteipt.  Rend.,  I 
f  Ceoipt.  Rend.,  I 
J  Am.  d.  CUm.  e 


I.  570.     Alio,  Joiim,  f.  Piakt.  Cheni.,  z6,  304. 
|.  456.     Jouni.  f.  Prokt.  Chcm..  16.  307. 
iL  P!iyi.,(3.)  18,41.     1846. 
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''j^iiVHttUfMh'  ihkf:  ap  the  percentage  of  potasBiam  chloride 
oUairmbl';  frorn  the  chlorate. 

T\ih  firnt  reliable  series  of  experiments  to  determine  this 
lM'.ri*Jsniaf(h  was  made  by  Berzelins.^  All  the  earlier  estima- 
tiouH  wtifii  vitiated  by  the  fad  that  when  potassium  chlo- 
rtiUi  IN  i^iiterl  under  ordinary  circumstances  a  little  solid 
tfjfit($rial  JH  mechanically  carried  away  with  the  oxygen  gas. 
Mitiuiis  {Kirtions  of  the  substance  may  even  be  actually  vol- 
iitilr^^d.  I^hese  sources  of  loss  were  avoided  by  Berzelius, 
wild  (I(5viHcd  means  for  collecting  and  weighing  this  trace 
of  potiiHHiutij  chloride.  All  the  successors  of  Berzelius  in 
tliiH  work  have  bcnotitted  by  his  example;  although  for  the 
iiutthodN  by  which  loss  has  been  prevented  we  must  refer  to 
\\w  oriKiniil  papers  of  the  several  investigators.  In  short, 
tlu'i),  lii^rKt^liuH  ignited  j)ota8sium  chlorate,  and  determined 
tlu»  pt\rrt»ntago  of  chloride  which  remained.  Four  experi- 
uiontH  Kuvo  tho  following  results: 

60.854 
60.850 
60.850 
60.851 


Mean,  60.851.  with  a  probable  error  of  db  .0006 

Tho  uo\t  ?^Tii>c^  was  mado  by  Penny ,t  in  England,  who 
wvvvk^sl  aftor  a  swmowhat  ditforvnt  method.  He  treated  po- 
(avMiuu  x'ldwnuo  >\i^l\  strvnig  hvdnx^hlorio  acid  in  a  weighed 
f\axk,  ovaisxr^UM  to  dryiu^s?  over  a  sand  bath,  and  then 
Sn^*,u\xI  tho  x^\\^l\;  of  :ho  chU^riao  thu<  obtained.    His  results 

X\>.  X 
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.V.  >  ?.* 
\  .  v«  I .    v.  V  .*^    -r     ,V*» .. 
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In  1842  Pelouze'*'  made  three  estimations  by  the  ignition 
of  the  chlorate,  with  these  results : 

60.843 
60.857 
60.830 

Mean,  60.843,  ±  •«>53 

Marignac,  in  1842,t  worked  with  several  different  recrys- 
tallizations  of  the  commercial  chlorate.  He  ignited  the 
salt,  with  the  usual  precautions  for  collecting  the  material 
carried  off  mechanically,  and  also  examined  the  gas  which 
was  evolved.  He  found  that  the  oxygen  from  50  grammes 
of  chlorate  contained  chlorine  enough  to  form  .003  gramme 
of  silver  chloride.  Here  are  the  percentages  found  by  Ma- 
rignac: 

In  chlorate  once  crystallized 60.845 

In  chlorate  once  crystallized 60.835 

In  chlorate  twice  crystallized 60.833 

In  chlorate  twice  crystallized 60.844 

In  chlorate  three  times  crystallized 60. 839 

In  chlorate  four  times  crystallized 60.839 

Mean,  60.8392,  dz  .0013 

In  the  same  paper  Marignac  describes  a  similar  series  of 
experiments  made  upon  potassium  perchlorate,  KCIO4.  In 
three  experiments  it  was  found  that  the  salt  was  not  quite 
free  from  chlorate,  and  in  three  more  it  contained  traces  of 
iron.  A  single  determination  upon  very  pure  material  gave 
46.187  per  cent,  of*  oxygen  and  53.813  of  residue. 

In  1845  two  series  of  experiments  were  published  by 

Gerhardtf    The  first,  made  in  the  usual  way,  gave  these 

results : 

60.871 

60.881 

60.875 

Mean,  60.8757,  =t  .0020 

♦Compt.  Rend.,  15,  959. 

f  Ann.  d.  Chem.  u.  Pharm.,  bd.  44,  s.  18. 

t  Compt  Rend.,  21,  1280. 
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f  n  th^  M^^ind  fieries  the  oxygen  was  passed  through  a 
wdgberl  in}je  containing  moist  cotton,  and  another  filled 
with  purnir;e  stone  and  sulphuric  acid.  Particles  were  thus 
c^;llecterl  which  in  the  earlier  series  escaped.  From  these 
nxjKjriments  we  get — 

60.947 

60.947 
60.952 


Mean,  60.9487,  db  .0011 

Thtm)  lust  results  were  afterwards  sharply  criticized  by 
Miirignac./  and  their  value  seriously  questioned. 

Tim  noxt  series,  in  order  of  time,  is  due  to  Maumene.t 
T\m  rhcunist  supposed  that  particles  of  chlorate,  mechani- 
rally  nirricMl  awiiy,  might  continue  to  exist  as  chlorate,  un- 
(looonipoHt'd ;  and  hcnco  that  all  previous  series  of  experi- 
inontM  might  give  too  high  a  value  to  the  residual  chloride. 
In  his  dotorminations,  therefore,  the  ignition  tube,  after 
oxptilsion  of  the  oxygen,  was  uniformly  heated  in  all  its 
lH^rt«.     Hero  are  his  percentages  of  residue: 

6a7SS 
6a  790 

60.791 
60. 785 
CO,  705 
to  705 


Mean.  CO.  701.  —  .0000 

Tho  quc^ion  whioh  mi-isa  nAinrally  arises  in  connectioo 
uii-h  vh«ac  results  i<s  whether  ]v>Ti3on5  erf  chloride  may  not 

Ok>»o1>  tV.io^inc  M;i;r.iiini  <  }v.pt>r  iLere  i*  a  <iK»t  note 
":  >  V>i^C  invi^K  *vrtA'!vi  riiiv^r.  rosuh>.     Aocordii^  10  this 

^'hoTj.Ts:.  i^h*T.  ;vMASs:;;rj-:  ^l/ivirfiu  :>  iim:7^  sicvvir,  veMi 


;  Ant.   ..    v>iim   o.        !>^^.      ;.    IN.  te. 
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60.847  per  cent  of  residue.  When  the  ignition  is  rapid,  we 
get  60.942.  As  no  detailed  experiments  are  given,  these 
figures  can  have  not  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas.'*'  In 
the  first  series  we  have  the  results  obtained  by  igniting  the 
chlorate.  In  the  second  series  the  chlorate  was  reduced  by 
strong  hydrochloric  acid,  after  the  method  followed  by 
Penny: 

First  Series, 
60.8380 
60.8395 
60.8440 

60.8473 
60.8450 

Mean,  60.84276,  d=  .0012 

Second  Series, 
60.850 
60.853 
60.844 

Mean,  60.849,  db  .0017 

In  these  experiments  every  conceivable  precaution  was 
taken  to  avoid  error  and  ensure  accuracy.  All  weighings 
were  reduced  to  a  vacuum  standard ;  from  70  to  142 
grammes  of  chlorate  were  used  in  each  experiment;  and 
the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
was  absorbed  by  finely  divided  silver  and  estimated.  It  is 
difficult  to  see  how  any  error  could  have  crept  in. 

Now,  to  combine  these  different  series  of  experiments. 

Bcnelhis,  mean  result 60.851,    ±.0006 

Penny.  "         60.8225,  d=  .0014 

Pelottze,  "         60.843,    ±0053 

Marignac,  "         60.8392,^.0013 

Gerfaardt,  1st  "  — 60.8757,' ±  .0020 

••  2d  ••  60.9487,  dr  .001 1 

Manmen^,  "  60.791,    db  .0009 

SUs.  1st  "  60.8428,  it  .0012 

2d  «'  60.849,    db  .0017 

General  mean,  from  all  nine  series,  representing  forty 

experiments 60.846,    ±.00038 

*  See  Aronstein's  Translation,  p.  249. 
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TJiiA  vhlnf:  in  exact  It  that  which  Stas  deduced  firom  both 
of  Uin  own  fieriesi  combined,  and  gives  great  emphasis  to  his 
wonderfully  ac^rurate  work.  It  also  finely  illustrates  the 
f'Ofit]f4mnaiion  of  errors  which  occurs  in  combining  the  fig- 
unm  of  different  experimenters. 

Himilar  analyses  of  silver  chlorate  have  been  made  by 
Mitrignac  and  by  Stas.  Marignac's  figures  I  have  not  been 
abh)  to  find,*  and  Stas  gives  but  two  experiments.  The  fol- 
lowirifj  lire  his  percentages  of  oxygen  in  silver  chlorate :t 

25.081 
25.078 


Mean,  25.0795,  :4=  .ooio 

Kor  the  direct  ratio  between  silver  and  chlorine  there  are 
Hi^vrii  available  series  of  experiments.  Here,  as  in  many 
{)\\wv  nitioH,  the  first  reliable  work  was  done  by  Berzelius.t 

IIo  niado  three  estimations,  using  each  time  twenty 
^nunmoM  of  pure  silver.  This  was  dissolved  in  nitric  acid. 
In  tho  first  oxperimont  the  silver  chloride  was  precipitated 
)U\d  iH>lUH't(Hl  on  a  filter.  In  the  second  and  third  experi- 
luouts'i  tho  solution  was  mixed  with  hvdrochloric  acid  in  a 
tlask«ovn(Hm\tod  to  dryness,  and  the  residue  then  fiised  and 
woijilunl  Without  tnuisfor.  One  hundred  parts  of  silver 
fv^rnuM  of  ohlorido : 


*  Sin^v  aU  lh<  OA)o«lAtKVk<  u-^nr  !)nsshe<d  I  h£ve  feccred  a  ODpr  of  Mazignac'i 
np'.^w.     1><'V  AW  *t  W5o«^ :     Tlx  third  cv*iLxaa  gi'iies  tie  jiniTiHige  of  O  ■ 
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132.700 
132.780 
132.790 


Mean,  132.757,  d=  .019 

Turner's  work*  closely  resembles  that  of  Berzelius.  Silver 
was  dissolved  in  nitric  acid  and  precipitated  as  chloride. 
In  experiments  one,  two,  and  three  the  mixture  was  evapo- 
rated and  the  residue  fused.  In  experiment  four  the  chlo- 
ride was  collected  on  a  filter.  A  fifth  experiment  was 
made,  but  has  been  rejected  as  worthless. 

The  results  were  as  follows :  In  a  third  column  I  put  the 
quantity  of  AgCl  proportional  to  100  parts  of  Ag. 


28.407  grains  Ag  gave  37-737  AgQ. 

132.844 

41.917        ••          "        55-678     " 

132.829 

40.006        "          "        53- H3     " 

132.837 

30.922        "          "        41.070     " 

132.818 

Mean,  132.832,  db  .0038 

The  same  general  method  of  dissolving  silver  in  nitric 
acid,  precipitating,  evaporating,  and  fusing  without  transfer 
of  material  was  also  adopted  bj  Penny .f  His  results  for 
100  parts  of  silver  are  as  follows,  in  parts  of  chloride : 

132.836 
132.840 
132.830 
132.840 
132.840 
132.830 
132.838 


Mean,  132.8363,  db  .0012 


In  1842  Marignact  found  that  100  parts  of  silver  formed 
lo2.74  of  chloride,  but  gave  no  available  details.    Later,|| 


*  Phil.  Transactions,  1829,  291. 

t  Phil.  Transactions,  1839,  28. 

{Ann:  Chem.  Pharm.,  44,  21. 

I  See  SSjerzelius'  Lehrbuch,  5th  Ed.,  Vol.  3,  pp.  1192,  1193. 


10  THE  ATOSnC  WEIGHTS. 

in  an^ither  series  of  detenninations,  he  is  more  explicit,  and 
gives  the  following  data:  The  weighings  were  ledaoed  to 
a  vacuum  stanrlard. 


79.853  gim.  Ag 

gave 

106.080  AgCl. 

Ratio, 

I32.«44 

69.905 

92.864     '< 

132.843 

64.905 

86.210     ** 

132.825 

93.363             " 

122.693     " 

132.839 

99.653 

132.383     " 

Mean, 

132.844 

132.839, 

d=  .0024 


I'lio  above  scries  all  represent  the  synthesis  of  silver  chlo- 
ri(l(\  Maumone'*'  made  analyses  of  the  compound,  reducing 
it  to  metal  in  a  current  of  hydrogen.  His  experiments 
make  100  parts  of  silver  equivalent  to  chloride : 


132.734 

132.754 

132.724 
132.729 

132.741 


Mean,  132.7364,  d=  .0077 

By  Dumasf  we  have  the  following  estimations 

9.954  Ag  gave  13.227  AgO.  Ratio,  132.8S2 

10.976        «•        26.542     "  132.869 


Mean,  132.8755,  =fc  .0044 

Fitially,  thoro  ate  seven  determinations  by  Stas^  made 
with  his  usual  aoouraoy  and  with  every  precaution  against 
orrt^r.     In  the  firsts  second,  and  third,  silver  was  heated  in 
ohlorino  jjj^^,  and  tho  sxiilhesis  of  silver  chloride  thus 
otTtvt<\l  dirivtlv.     In  the  fourth  and  fifth  silver  was  dis- 
Si^lvM  in  nitrio  acid,  and  the  cliloride  thrown  dovn  br 
]v^ssinir  hydiwhlorio  acid  jras  over  the  surface  of  the  solutioo. 
The  whole  was  then  c\-a]>oratod  in  the  same  vessel,  and  the 
chlori*lo  luscil,  t^rst  in  an  atmosphere  of  hvdpochlorie  adi 


•  \nr..  «';.  Ohirr.    c:  »».  Phx-N..    ,V    1^.40.     1S46. 
^.  Ann    OhciTj    rha'Tr.  ,  115.  21.      iSftO. 
1  Aron<toir."v  Tran'iialior,.  :.    1-1. 
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and  then  in  a  stream  of  air.  The  sixth  synthesis  was  simi- 
lar to  these,  only  the  nitric  solution  was  precipitated  by 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown 
down  was  washed  by  repeated  decantation.  All  the  de- 
canted liquids  were  afterwards  evaporated  to  dryness,  and 
the  trace  of  chloride  thus  recovered  was  estimated  in  addi- 
tion to  the  main  mass.  The  latter  was  fiised  in  an  atmos- 
phere of  HCl.  The  seventh  experiment  was  like  the  sixth, 
only  ammonium  chloride  was  used  instead  of  hydrochloric 
acid.  From  98.3  to  399.7  grammes  of  silver  were  used  in 
each  experiment,  the  operations  were  performed  chiefly  in 
the  dark,  and  all  weighings  were  reduced  to  vacuum.  In 
every  case  the  chloride  obtained  was  beautifully  white. 
The  following  are  the  results  in  chloride  for  100  of  silver : 

132.841 

132.843 

132.843 

132.849 
132.S46 

132.848 

122.S417 

Mean,  132.8445,  d=  .0008 

We  may  now  combine  the  means  of  these  seven  series, 
representing  in  all  thirty-three  experiments.  One  hundred 
parts  of  silver  are  equivalent  to  chlorine,  as  follows : 

Berzelius 32.757,    zt  .0190 

Turner 32.832,    ±.0038 

Penny 32.8363,  d=  .0012 

Marignac 32.839,    d=  .0024 

Maumen^ 32.73641  d=  .0077 

Dnmas _ 32.8755,  d=  .0044 

Stas 32.8445,  dr  .0008 

General  mean 32.8418,  d=  .0006 

Here,  again,  we  have  a  fine  example  of  the  evident  com- 
pensation of  errors  among  different  series  of  experiments. 
We  have  also  another  tribute  to  the  accuracy  of  Stas,  since 
this  general  oaean  varies  from  the  mean  of  his  results  only 
within  the  limits  of  his  own  variations. 
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TfMf  ratio  betveen  silver  and  potassium  chloride,  or,  in 
'Aher  wot^Ih,  the  weight  of  nlver  in  nitric  acid  solution 
which  tcau  U?  precipitated  by  a  known  weight  of  KCl,  has 
\H^m  iixiA  by  Marignac  and  by  Stas.  ^larignac,*  reducing 
all  weighings  to  vacuum,  obtained  these  results.  In  the 
third  mluinti  I  give  the  weight  of  KCl  proportional  to  100 
purU*  of  Ag, 


4.733H 

Krm 

'  Ag 

■^  3.2626  KQ. 

69.067 

at.725 

15.001 

69.050 

ai.759 

15.028 

69.066 

a  1.909 

1513' 

69.063 

aa.oja 

15.216 

69.063 

35.122 

17-350 

69.063 

Mean,  69.062,  zt  .0017 

HluM*  oxp(»riinontH  upon  this  ratio  may  be  divided  into  two 
Horit^.t  l»^  tbo  tlrst  sorios  the  silver  was  slightly  impure, 
l>ut  tlio  impurity  was  of  known  quantity,  and  corrections 
Oi>uld  thort^fort^  Ih^  appliinl.  In  the  second  series  pure  silver 
WUH  oUiplovtHl,  Tlio  |H>tassium  chloride  was  from  several 
dilVoitM\t  souiHvs»  ami  in  every  case  was  purified  with  the 
uttuwHt  oartv  Kri^n^  UlS  to  Si4  irnimmes  of  silver  were 
taken  in  \>tul\  e\|HTin\ent,  and  the  weighings  were  reduced 
to  vav  u\u\\.  The  meth^nl  v^f  ojvnition  was,  in  brief,  as  fol- 
Ua\x  a  vletinito  weiiiht  of  ivtassium  chloride  was  taken, 
auxl  the  e\aot  \)uantity  of  silver  neee^s^ary,  according  to 
JVnu  >  l^>  {s^thes^is.  to  iNalauvv  it  whs  al?o  weighed  out.  The 
\v.oi;i*.  >\»'{\  >u*.;^\b!e  rrxvAUtvr.s.  wa>  di:!5?olved  in  nitric 
;In\nI  ;\v.n;  i5\c  xy^'uv.ov.  v.itx^v.  w^th  th^t  of  the  chloride. 
V',\vv  nU^^^V'o  xuwr.iiwcv.ov,  :hf  :r:r.i::i:  txox-^  of  silver  le- 

v^^ w  <*  v.* *  /. ,  v:  *:  x^**  \ viA>^*.  M V,*  V  * *.  V,* r  .1-,".     v\:t  hundred  parts 
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First  Series, 

69.105 
69.104 
69.103 
69.104 
69.102 

'  Mean,  69. 1036,  ±  .0003 

Second  Series. 

69.105 
69.099 
69.107 
69.103 
69.103 

69.105 

69.104 

♦  69.099 

69.1034 
69.104 

69.103  « 

69.102 
69.104 
69.104 
69.105 
69.103 
69,101 
60.105 
69.103 

Mean,  69. 1033,  dr  .0003 

)w,  combining  the  three  series,  with  their  thirty  experi- 
ts,  we  get  the  following : 

Marignac 69.062,    db  .0017 

Stas,  1st  series 69.1036,  zb  .0003 

Stas,  2d  series 69.1033,  ±  .0003 

General  mean. 69.1032,  dr  .0002 

le  quantity  of  silver  chloride  which  can  be  formed  from 
lown  weight  of  potassium  chloride  has  also  been  deter- 
ed  by  Berzelius,  Marignac,  and  Maumene.  Berzelius* 
id  that  100  parts  of  KCl  were  equivalent  to  194.2  of 

♦Poggend.  Annal.,  8,  I.     1826. 
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Ag^yl ;  A  value  which,  corrected  for  weighings  in  air,  be- 
r/nntm  1 92,32.    This  experiment  will  not  be  included  in  oor 

In  1442  Marignac*  published  two  determinations^  with 
thcue  niMults  from  100  KCl  : 

192.33 
192.34 


Mrrtti,  nirrcctcrl  for  weighing  in  air,  192.26,  dr  .003 

In  1840  Marignacf  published  another  set  of  results,  as 
follows.  Tho  weighings  were  reduced  to  vacuum.  The 
UMUal  ratio  is  iii  the  third  column. 


17.0.M  KHU. 

KU 

1  t;ave 

32.701  AgCl. 

192.327 

I4.4J7 

ti 

27.749  " 

192.341 

(« 

28,910  " 

192.374* 

«5.«.n 

«i 

29. 102  «• 

192.334 

15.JIO 

t« 

29.271   " 

192.370 

Mean,  192.349,  d=  .006 


Thiw  ostiniations  of  the  same  ratio  were  also  made  br 
Mauiuono.J  as  follows: 

UN>v»  »nw\   Kv'ljTA^o  x\627  .K^"I  192.776 

ixvuox  **  >x-73     *"  1^.716 


V'w  fxrvv  ?^n^>  ot  ;c:;  vx;>erl2>^n:<  :::  ill  5>t<  up  thai: 


Vt-^*-tx.   ^Na^  Sir  25C  rr  -3C_* 
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sake  of  completeness.    It  mil  obviously  receive  but  little 
weight  in  our  final  discussion. 

In  estimating  the  atomic  weight  of  bromine  the  earlier 
experiments  of  Balard,  Berzelius,  Liebig,  and  Lowig  may  all 
be  rejected.  Their  results  were  all  far  too  low,  probably  be- 
cause chlorine  was  present  as  an  impurity  in  the  materials 
employed.  Wallace's  determinations,  based  upon  the  anal- 
ysis of  arsenic  tribromide,  are  tolerably  good,  but  need  not 
be  considered  here.  In  the  present  state  of  our  knowledge, 
Wallace's  analyses  are  better  fitted  for  fixing  the  atomic 
weight  of  arsenic,  and  will,  therefore,  fee  discussed  with  ref- 
ference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely 
similar  to  those  involving  chlorine.  In  the  first  place  there 
are  the  analyses  of  silver  bromate  by  Stas.*  In  two  careful 
experiments  he  found  in  this  salt  the  following  percentages 

of  oxygen : 

20.351 

20.347 


Mean,  20.349,  db  .0014 

There  are  also  four  analyses  of  potassium  bromate  by 
Marignacf  The  salt  was  heated,  and  the  percentage  loss  of 
oxygen  determined.  The  residual  bromide  was  feebly  alka- 
line. We  cannot  place  much  reliance  upon  this  series. 
The  results  are  as  follows : 

28.7016 
28.6496 
28.6050 
28.7460 


Mean,  28.6755,  db  .0207 

When  silver  bromide  is  heated  in  chlorine  gas,  silver 
chloride  is  formed.    In  1860  DumasJ  employed  this  method 

*  AroDstein's  Translation,  pp.  200-206. 

f  See  E»  linlder's  Overzigt,  p.  117 ;  or  Berzelius*  Jahresbericht,  24,  72. 
Fbann.,  113,  20. 
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fr/f  ^;9dli mating  the  atomic  weight  of  bromine.  His  results 
HU',  tv^  {o]UmH :  In  the  third  column  I  give  the  weight  of 
AgBr  ^:/|fjivflli.'nt  to  100  parts  of  AgCl. 

x.fflH  urtn,  Aghf  fpLSt  1,547  AgO,  131.092 

4237  "  3235     "  130-974 

y^(ft)  "  4.403     "  131024 


Mean,  131.030,  db  .023 

Til  in  MiirioH  \h  evidently  of  but  little  value. 

Mut  Uin  two  ratios  upon  which,  in  connection  Mrith  Stas' 
iiiiiiIyHOH  of  Hilv<T  bromate,  the  atomic  weight  of  bromine 
<'liin(ly  dopi^nds  are  those  which  connect  silver  with  the 
\\\\U^v  olniiuMit  directly  and  silver  with  potassium  bromide. 

MiiriKiiiH',*  to  olfoct  tlie  synthesis  of  silver  bromide,  dis- 
milvod  tlir  inotnl  in  nitric  acid,  precipitated  the  solution 
with  potasHiuiu  broniido,  waslied,  dried,  fused,  and  weighed 
flio  pnuhiot.  Tlio  following  quantities  of  bromine  were 
found  pn>|H>rtional  to  UK)  j^arts  of  silver: 

74.072 
74055 
74,066 


M^^^w.  »n>UunM  ^^  A  \,xo«wm  <jiivl,tT\!.  74.077.  rr  .003 

\l\u*h  nu^rt^  ol^N^rHto  doionninanons  of  this  ratio  are  due 
U^  St^-^^  <  In  ^xno  oxjvrinu^ni  a  known  weight  of  silver  was 
xNNV.xoWiM  uit^^  ;vi:ra:o.  ;«r,i:  rTw:pi;a;eii  in  the  same  vessel 
J^x  v;;:v  Vv,:vl^T\>:r,;v  a.:v;  Thi  re^ulTinir  bT\>mide  was 
\(ii^ONv.    5hon>:;cVN     .;t:iv;.  auv;   u-oicbw.     In   fcsir  other 

till  in   •»*»■»"«    v^\«;      •       v.*     ^*       V"'"      Vk~^C         ■»  *>*  X""."  ^^    *.  •       «  ^^  »    «       ■;»*    -^   ^  £  *.^.  '■  ~B^.J^Bk      ^ 

V-*,^>i*"  .^^vftv.  ;x  ,v  ;v,;:v'  >r/.r,..v.';.  *>  Tnurly  ic?  pctssble  the 
v."*'nv     ■".'    ^^^^r»,^:.-,v^^7.    i.-v^      77.^5   vi55  ii33ei  to  tlie 

V^'fr'  -.^-^V-   •'^,"  ^-^   ..,v     ->»,\    .1     >^T  iVVa^S?^  .C  fL.Tfr  iZi 

sti|>-,-^*fv«.-' ■    *'^.  ••    mux     j,.t, .-:.-,  ^w.        <.    '«'?i'.r->-: 
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duced  to  a  vacuum.  From  these  experiments,  taking  both 
series  as  one,  we  get  the  following  quantities  of  bromine 
corresponding  to  100  parts  of  silver : 

74.0830 


74.0790 

740795 
74.0805 

740830 


Mean,  74.081,  =b  .0006 

Combining  this  with  Marignac's  result,  74.077,  i  .003,  we 
get  as  a  general  mean  the  value  74.0809,  i  .0006.* 

The  ratio  between  silver  and  potassium  bromide  was  first 
accurately  determined  by  Marignac.f  I  give,  with  his 
weighings,  the  quantity  of  KBr  proportional  to  100  parts  of 
Ag: 

2.131  gnn.  Ag  =  2.351  KBr.  110.324 

110.316 


2.559 

2.823 

2.447 

2.700 

3025 

3336 

3946 

4.353 

11.569 

12.763 

20.120 

22.191 

110.339 

"  110.283 

"  1 10.314 

"  no.  321 

<« 


110.293 


Mean,  corrected  for  weighing  in  air,  110.343,  d=  .005 

Stas,t  working  in  essentially  the  same  manner  as  when 
he  fixed  the  ratio  between  potassium  chloride  and  silver, 
obtained  the  following  results : 


*  O.  W.  Huntington,  in  his  paper  upon  the  atomic  weight  of  cadmium,  ( Amer. 
Acad.  Proc.,  1881,)  gives  three  analyses  and  three  syntheses  of  silver  bromide. 
These  give  a  mean  value  of  Ag  :  Br  : :  100  :  74.064.  This  figure  I  record  here 
in  order  that  other  chemists  may  not  overlook  the  work  of  Mr.  Huntington, 
ahfaoogfa  it  came  out  too  late  for  use  in  my  own  calculations. 

f  £.  Mulder's  Overzigt,  p.  116.     Berzelius'  Jahresbericht,  24,  72. 

I  AroDStetn's  Translation,  pp.  334-347. 
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1 10.361 
110.360 
110.360 
110.342 
110.346 
110.338 
1 10.360 
110.336 
110.344 
110.332 
110.343 
110.357 

110.334 
110.335 

3 


Mean,  110.3463,  rh  .0020 

Combining  this  with  Marignac's  mean  result,  110.343,  d: 
,lK)fi.  wo  gia  a  general  mean  of  110.3459,  d=  .0019. 

Tho  mtios  ui>on  which  we  must  depend  for  the  atomic 
wtvight  of  ioilino  t\re  exactly  parallel  to  those  used  for  the 
dotorn\inutiou  of  bn>mine. 

To  U^iu  with*  the  percentage  of  oxygen  in  potassium 
i\HUt«^  has  Uvn  determineii  by  Millon.*  In  three  experi- 
n\«M\ts»  ho  found : 


Vl^lvix  Al5iv>  ^^»i:aA:^i  5hv  ox>*v^?a  iu  stiver  iod^te,  gecting 
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iu  each  experiment,  the  weights  being  reduced  to  a  vacuum 
standard.  As  the  salt  could  not  be  prepared  in  an  abso- 
lutely anhydrous  condition,  the  water  expelled  in  each 
analysis  was  accurately  estimated  and  the  necessary  correc- 
tions applied.  In  two  of  the  experiments  the  iodate  was 
decomposed  by  heat,  and  the  oxygen  given  oflf  was  fixed 
upon  a  weighed  quantity  of  copper  heated  to  redness. 
Thus  the  actual  weights,  both  of  the  oxygen  and  the  resid- 
ual iodide,  were  obtained.  In  a  third  experiment  the  iodate 
was  reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and 
the  oxygen  was  estimated  only  by  diflference.  In  the  three 
percentages  of  oxygen  given  below  the  result  of  this  analysis 
comes  last.    The  figures  for  oxygen  are  as  follows : 

16.976 
16.972 
16.9761 


Mean,  16.9747,  4=  .0009 

This,  combined  with  Millon's  series  above  cited,  gives  us 
a  general  mean  of  16.9771,  db  .0009. 

The  ratio  between  silver  and  potassium  iodide  seems  to 
have  been  determined  only  by  Marignac,*  and  without  re- 
markable accuracy.  In  five  experiments  100  parts  of  silver 
were  found  equivalent  to  potassium  iodide  as  follows : 

1.616  gnn.  Ag  =    2.483  KI.  Ratio,  153.651 

2.503          "            3.846    "  "      153-665 

3.427           *'            5.268  "  •*      152.720 

2. 141           "            3-290  "  •*      153.667 

ia82i          "          16.642    "  "      153.794 

Mean,  153.6994,  db  .0178 

The  synthesis  of  silver  iodide  has  been  effected  by  both 
Marignac  and  Stas.  Marignac,  in  the  paper  above  cited, 
gives  these  weighings.  In  the  last  column  I  add  the  ratio 
between  iodine  and  100  parts  of  silver : 

15.000  grm.  Aggave  32.625  Agl.  117.500 

14.790  "  32.170     "  1 17.512 

1S.545  "  40.339     "  » 17.519 

Mean,  corrected  for  weighing  in  air,  117.5335,  =b  .0036 

'  Lehrbuch,  5th  Ed.,  3,  1196. 
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Stas*  in  his  experiments  worked  after  two  methods,  whieh 
gave,  however,  results  concordant  with  each  other  and  with 
those  of  Marignac. 

In  the  first  series  of  experiments  Stas  converted  a  known 
weight  of  silver  into  nitrate,  and  then  precipitated  with 
pure  hydriodic  acid.  The  iodide  thus  thrown  down  was 
washed,  dried,  and  weighed  without  transfer.  By  thin 
method  100  parts  of  silver  were  found  to  require  of  iodine : 

117.529 
"7.536 


Mean,  ii7.5325»  ±  •0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide 
from  known  weights  of  iodine  and  metal  was  performed. 
The  iodine  was  dissolved  in  a  solution  of  ammonium  sul- 
phite, and  thus  converted  into  ammonium  iodide.  The 
silver  was  transformed  into  sulphate  and  the  two  solutions 
mixed.  When  the  precipitate  of  silver  iodide  was  com- 
pletely deposited  the  supernatant  liquid  was  titrated  for  the 
trifling  excess  of  iodine  which  it  always  contained.  As  the 
two  elements  were  weighed  out  in  the  ratio  of  127  to  108, 
while  the  atomic  weight  of  iodine  is  probably  a  little  under 
127,  this  excess  is  easily  explained.  From  these  experi- 
ments two  sets  of  values  were  deduced;  one  from  the 
weights  of  silver  and  iodine  actually  employed,  the  other 
from  the  quantity  of  iodide  of  silver  collected.  From  the 
first  set  we  have  of  iodine  for  100  parts  of  silver : 

117.5390 
117.5380 
117.5318 

117.5430 
117.5420 

117.5300 


Mean.  117-5373.  :*=  •«>'5 

From  the  weight  of  silver  iodide  actually  collected  we 


*  Aronstein's  Translation,  pp.  136, 152. 
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get  as  follows.    For  experiment  number  three  in  the  above 
column  there  is  no  equivalent  here : 

117.529 

117-53I 
"7539 
1x7.538 
117.530 


Mean,  ii7.5334»  ±  .0014 

Now,  combining  these  several  sets  of  results,  we  have  the 
following  general  mean : 

Marignac _—  1175335.  ^  .0036 

Stas,  1st  scries 117.5325,  zb  .0024 

2d     "     - —  "7.5373»  ±  .00x5 

3d     "     117.5334.  =fc  .0014 


General  mean 117.5345.  db  .0009 

One  other  comparatively  unimportant  iodine  ratio  re- 
mains for  us  to  notice.  Silver  iodide,  heated  in  a  stream  of 
chlorine,  becomes  converted  into  chloride;  and  the  ratio 
between  these  two  salts  has  been  thus  determined  by  Ber- 
zelius  and  bv  Dumas. 

From  Berzelius*  we  have  the  following  data:  In  the 
third  column  I  give  the  ratio  between  Agl  and  100  parts  of 
AgCl. 

5.000  grm.  Agl  gave  3.062  AgCl.  163.292 

12.212  "  7.4755    "  163.360 


Mean,  163.326,  d=  .023 


Dumas't  results  were  as  follows : 


3.520  grm.  Agl  gave  2.149  AgCl.  163.793 

7.01 1  "  4.281       "  163.770 


Mean,  163.782,  4^  .008 

General  mean  from   the    combination  of   both    series, 
163.733,  =h  .0076. 

We  now  come  to  the  ratios  connecting  sulphur  with  silver 

*  Ann.  d.  Chim.  et  d.  Phys.,  (2,)  40,  430.     1829. 
f  Ann.  Chem.  Pharm.,  113,  28.     i860. 
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and  chlorine.  Other  ratios  have  been  applied  to  the  deter- 
mination of  the  atomic  weight  of  sulphur,  but  they  are 
hardly  applicable  here.  The  earlier  results  of  Berzelius 
were  wholly  inaccurate,  and  his  later  experiments  upon  the 
synthesis  of  lead  sulphate  will  be  used  in  discussing  the 
atomic  weight  of  lead.  Erdmann  and  Marchand  deter- 
mined the  amount  of  calcium  sulphate  which  could  be 
formed  from  a  known  weight  of  pure  Iceland  spar;  and 
later  they  made  analyses  of  cinnabar,  in  order  to  fix  the 
value  of  sulphur  by  reference  to  calcium  and  to  mercury. 
Their  results  will  be  applied  in  this  discussion  towards  ascer- 
taining the  atomic  weights  of  the  metals  just  named.  For 
our  present  purposes  only  three  ratios  need  be  considered. 

First  in  order  let  us  take  up  the  composition  of  silver 
sulphide,  as  directly  determined  by  Dumas,  Stas,  and  Cooke. 
Dumas'*  experiments  were  made  with  sulphur  which  had 
been  thrice  distilled  and  twice  crystallized  from  carbon  di- 
sulphide.  A  known  weight  of  silver  was  heated  in  a  tube 
in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  dis- 
tilled away  in  a  current  of  carbon  dioxide,  and  the  resulting 
silver  sulphide  was  weighed. 

I  subjoin  Dumas'  weighings,  and  also  the  quantity  of 
AgjS  proportional  to  100  parts  of  Ag,  as  deduced  from 
them: 


9-9393  S^-  Ag  =  1.473     ^• 

Ratio, 

114.810 

9.962              "          1.4755  " 

%t 

II4.8II 

30.637              "          4.546     ** 

M 

114.838 

30.936              "          4.586     ** 

t* 

114.824 

30.720              "          4.554     •* 

«« 

I  14.824 

Mean,  1 14.8234,  ±:  .0029 


Dumas  used  from  ten  to  thirty  grammes  of  silver  in  each 
experiment.    Stas,t  however,  in  his  work,  employed  firoift 
sixty  to  two  hundred  and  fifty  grammes  at  a  time.    Three 
of  Stas'  determinations  were  made  by  Dumas'  method,  wYrik 
in  the  other  two  the  sulphur  was  replaced  by  pure  solpbor 


♦  Ann.  Chcm.  Pharm.,  113.  24.     i860 
f  Aronstein's  Translation,  p.  179. 
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retted  hydrogen.  In  all  cases  the  excess  of  sulplmr  was  ex- 
pelled by  carbon  dioxide,  purified  with  scrupulous  care. 
Impurities  in  the  dioxide  may  cause  serious  error.  The 
five  results  come  out  as  foHo\v.-i  for  100  parta  of  silver : 

1 14-854 
1 14.8s J 
114.854 
114.851 
114-849 

Mean,  1 14.S521,  ±  ,0007 

The  experiments  made  by  Professor  Cooke*  with  reference 
to  this  ratio  were  only  incidental  to  his  elaborate  researches 
upon  the  atomic  weight  of  antimony.    They  are  interesting 

I  liowever,  for  two  reasons :  they  serve  to  illustrate  the  vola- 
tility of  silver,  and  they  represent,  not  syntheses,  but  reduc- 
tions of  the  sulphide  by  hydrogen.  Cooke  gives  three  series 
of  results.  In  the  first  the  silver  sulphide  was  long  heated 
to  full  redness  in  a  current  of  hydrogen.  Highly  concord- 
aut  and  at  the  same  time  plainly  erroneous  figures  were  ob- 
tained ;  the  error  being  eventually  traced  to  the  fact  that 
some  of  the  reduced  silver,  although  not  heated  t«  its  melt- 
ing point,  was  actually  volatilized  and  lost.  The  second 
series,  from  reductions  at  low  i-edness,  are  decidedly  better. 
In  the  third  series  the  sulphide  was  fully  reduced  below  a 
visible  rod  heat.  Rejecting  the  first  series  we  have  from 
Cooke's  figures  in  the  other  two  the  subjoined  quantities  of 

-  sulphide  corresponding  to  100  parts  of  silver ; 


7.5411  gmi.  Ag,S  la 
5.0364 


.6534 


114S83 


f.1357  gna.  Ag,S  losi  .1465  S. 


Ratiu,  114.810 
■       1 14-823 


*  Proc.  Araerican  Acad,  of  Atu  and  Sciencei,  v 
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N'ow^  f;r;mbin]ng  all  four  series,  we  get  the  following  le- 

IlumaH 114.8234,  ±.  .0029 

SUn 114.8522,  d=  .0007 

0><;kc'ji  2d 114.888,    db  .0012 

"        3d 1 14.8165,  dr  .0044 

(icncral  mean 1 14.8581,  d:  .0006 

\l^m^  ftK'^i'i  ^^'^^  oucountor  a  curious  and  instructive  com- 
|u«nHHtion  of  orrorn,  and  another  evidence  of  the  accuracy  oi 

HtUH. 

Tlu*  poiTontago  of  silver  in  silver  sulphate  has  been  de- 
tornnuiHl  hv  Struvo  and  by  Stas.  Struve*  reduced  the  sul- 
phatt*  by  hiiUing  in  a  current  of  hydrogen,  and  obtained 
tlu>so  r\vult8: 

^  lScv>  untt,  .Vis^Sl^^  gave  3.5910  grm.  .\g.  69.244  per  cent. 

tVx>54v«  "  4J9^i        "  69.243 

:(<v|^5  "  5-9S$S        •*  69.228 

n  <V4(y^  '*  S.0C0S       •'  69.215        •• 

N>  usx^  '*  ^5»M$       "  69.212       ■• 

>.vv\\\>  **  cv-rr^^        "  ^-39 

M<Ki=_  eo.250L  :=r  .004 


J^.^v'^  \\\vA::vj:  V>  **^s^*v,:uV/,y  :h<  5?i:i:<  nirihod,  with  from 
\^  ^o  S.<  j^Vi^uxr,^"^  ^^:  <:»:'yh*:^'  dhS  j^  ;i:iie*  K^zxad  these  pe^ 
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The  third  and  last  sulphur  ratio  with  which  we  have  now 
to  deal  is  one  of  minor  importance.  When  silver  chloride 
is  heated  in  a  current  of  sulphuretted  hydrogen  the  sul- 
phide is  formed.  This  reaction  was  applied  by  Berzelius* 
to  determining  the  atomic  weight  of  sulphur.  He  gives  the 
results  of  four  experiments ;  but  the  fourth  varies  so  widely 
from  the  others  that  I  have  rejected  it.  I  have  reason  to 
believe  that  the  variation  is  due,  not  to  error  in  experiment, 
but  to  error  in  printing;  nevertheless,  as  I  am  unable  to 
track  out  the  cause  of  the  mistake,  I  must  exclude  the  fig- 
ures involving  it  entirely  from  our  discussion. 

The  three  available  experiments,  however,  give  the  ft)l- 
lowing  results :  The  last  column  contains  the  ratio  of  silver 
sulphide  to  100  parts  of  chloride. 

6.6075  gnn.  AgQ  gave  5.715  grm.  AgjS.        86.478 

9.2323  "  798325       "  86.471 

10.1775  •«  8.80075       "  86.472 


Mean,  86.4737,  db  .0015 

We  have  also  a  single  determination  of  this  value  by 
Svanberg  and  Struve.f  After  converting  the  chloride  into 
sulphide  they  dissolved  the  latter  in  nitric  acid.  A  trifling 
residue  of  chloride,  which  had  been  enclosed  in  sulphide, 
and  so  protected  against  change,  was  left  undissolved. 
Hence  a  slight  constant  error  probably  affects  this  whole 
ratio.  The  experiment  of  Svanberg  and  Struve  gave  86.472 
per  cent,  of  silver  sulphide  derived  from  100  of  chloride. 
If  we  assign  this  figure  equal  weight  with  the  results  of 
Berzelius,  and  combine,  we  get  a  general  mean  of  86.4733, 
db  .0011. 

For  sodium  there  are  but  two  ratios  of  any  definite  value 
for  present  purposes.  The  early  work  of  Berzelius  we  may 
disregard  entirely,  and  confine  ourselves  to  the  considera- 
tion of  the  results  obtained  by  Penny,  Pelouze,  Dumas,  and 
Stas. 

♦Berzelius'  Lehrbuch,  5th  Ed.,  Vol.  3,  p.  1187. 
f  Joom.  itlr  Prakt.  Chem.,  44,  320.     1848. 
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The  percentage  of  oxygen  in  sodium  chlorate  has  been 
determined  only  by  Penny,*  who  used  the  same  m^hod 
which  he  applied  to  the  potassium  salt.  Four  experiments 
gave  the  following  results : 

45.060 
4507s 

45-o8o 
45.067 


Mean,  45.0705,  d=  .0029 

The  ratio  between  silver  and  sodium  chloride  has  been 
tixPil  by  Pelouze,  Dumas,  and  Stas.  Pelouzef  dissolved  a 
woighoil  quantity  of  silver  in  nitric  acid,  and  then  titrated 
with  sodium  chloride.  Ekjuivalent  to  100  parts  of  silver  he 
found  of  chloride : 

54.15S 
54.11S 

54.iJ9 


Mean.  54.141.  ±r  .0063 

By  l>una;^t  ^'^  have  seven  experim^itSw  with  results  as 
tv^Uows :  Tho  tliini  column  gives  the  ratio  between  100  of 
^ilwr  ;iud  NaOI. 


*  ■     ^ 


54.211 

54.17S 
54-175 


>4.iSr 


theflOB- 
vidiaattfroB 


* 

'nii 

TSiT^^fc 

.•rv\:>- 

:>?.-* 

• 

>  .Mi^r^:    ^,''^; 

.      JC. 

».'^* 

13 

• 

k»»» 

^'V.^TT 

r*^,Q 

•    . 

• 

c* 

c=i 

VAT>i.V:t   ^    '. 

^uT^*-A^KV. 

^l; 
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six  different  sources,  found  of  sodium  chloride  equivalent 

to  100  parts  of  silver : 

54.2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 

Mean,  54.2078,  d=  .0002 

Now,  combining  these  three  series,  we  get  the  following 
result: 

Pelouie 54*141*    ±.0063 

Dumas . — 54-X72t    ±.0096 

Stas 54.2078,  ifc  .0002 

General  mean 54.2076,  db  .0002 

Here  the  work  of  Stas  is  of  such  superior  excellence  that 
the  other  series  might  be  completely  rejected  without  ap- 
preciably affecting  our  calculations. 

We  have  now  before  us  the  data  establishing,  with  greater 
or  lees  accuracy,  twenty  different  ratios  relating  to  the 
atomic  weights  of  the  seven  elements  under  discussion.  In 
these  we  are  to  discuss  the  results  of  about  two  hundred  and 
fifty  separate  experiments.  Before  beginning  upon  our  cal- 
culations we  Mdll  tabulate  our  ratios,  and  number  them  for 
convenient  future  reference.  Of  course  it  will  be  under- 
stood that  the  probable  errors  given  below  relate  to  the  last 
term  of  each  proportion : 

(I.)  Percentage  of  O  in  KCIO,    39*i54«    ±  .00038 

(2.)  "  "        KBrOj   28.6755,  ±  .0207 

(3.)  "  "        KIO,     22.473.    dt  .0050 

(4.)  "  "        NaClOj —  45.0705,  d=  .0029 

(5-)  "  "         AgClOj 25.0795,  rb  .0010 

(6.)  "  "        AgBrO, 20.349.    rb  .0014 

(70  •*  "        AglOj    -   16.9771,  4:  .0009 

Ag  in  Ag^SO^   69.205,    ifc  .0011 
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(9.)  Ag  :  NaG  : :  100  :  54.2076,  d=  .0002 
(10.)  Ag  :  KCl  : :  lOO  :  69.1032,  dr  .O0O2 
(II.)  Ag  :  KBr  : :  lOO  :  110.3459,  dr  .0019 
(12.)  Ag  :  KI : :  too  :  153.6994,  d=  .0178 
(13.)  Ag  :  CI  :  :  100  :  32.8418,  db  .0006 
(14.)  Ag  :  Br  :  :  100  :  74.0809,  db  .0006 
(15.)  Ag  :  I  : :  100  :  II7.S34S»  tt  -0009 
(16.)  Ag  :  Ag,S  :  :  100  :  114.8581,  dr  .0006 
(17.)  KCl  :  AgCl  :  :  100  :  192.294,  d:  .0029 
(18.)  AgCl  :  AgBr  : ;  100  :  131.030,  db  .023 
(19.)  AgCl  :  Agl  :  :  100  :  163.733,  db  .0076 
(20.)  AgCl  :  Ag,S  : :  too  :  86.4733,  db  .001 1 

Now,  from  ratios  1  to  7  inclusive,  we  can  at  once,  by 
applying  the  known  atomic  weight  of  oxygen,  deduce  the 
molecular  weights  of  seven  haloid  salts.  Let  us  consider 
the  first  calculation  somewhat  in  detail. 

Potassium  chlorate  yields  39.154  per  cent,  of  oxygen  and 
60.846  per  cent,  of  residual  chloride.    For  each  of  these 
quantities  the  probable  error  is  zt  .00038.     The  atomic 
weight  of  oxygen  is  15.9633,  rfc  .0035,  so  that  the  value  for 
three  atoms  becomes  47.8899,  rfc  .0105.    We  have  now  the 
following  simple  proportion:  39.154 :  60.846  : :  47.8899  :  x,  = 
the  molecular  weight  of  potassium  chloride,  =  74.4217. 
The  probable  error  being  known  for  the  first,  second,  and 
third  term  of  this  proportion,  we  can  easily  find  that  of  the 
fourth  term  by  the  formula  given  in  our  introduction.    It 
comes  out  di  .0164.    By  this  method  we  obtain  the  follow- 
ing series  of  values,  which  may  conveniently  be  numbered 
consecutively  with  the  foregoing  ratios : 

(21.)  KCU    from  (I,)  =    74.4217,1^.0164 

(22.)  KBr,  •*  (2.)  =  119.117,  d=  .0962 

(23.)  KI.  ••  (3.)  =^  165.210,  d=  .0529 

(24.)  NaCl.  ••  (4,)  =    58.366,  d:  .0137 

(25.)  AgCl,  **  (5,)  —  143062,  di  .0320 

(26.)  AgBr,     **  (6,)  =  187.453.  ±  0432 

(27.)  Agl,  "  (7.)  =:^  234,195,  dr.0530 

,  With  the  help  of  these  molecular  weights  we  are  no* 
able  to  calculate  eight  independent  values  for  the 
weight  of  silver : 
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Fiist,       from  (lo)  mnd  (21,)  Ag  = 


Second.     •< 

(") 

<« 

(«.) 

Tbird,       " 

(12) 

«< 

(23.) 

Foutb,      " 

(9) 

« 

(»4.) 

Fifth, 

(«3) 

<4 

(23.) 

Sixth, 

(•4) 

it 

(a6.) 

Seventh,    '• 

(«S) 

tt 

(a?.) 

Eighth,      •• 

(8) 

«( 

(«6.) 

<4 
« 
M 
«( 
«< 
(t 
«l 


07.696,  db  .024 
07.948,  =b  .087 
07.488,  ±  .037 
07.671,  db  .025 
07.694,  rfc  .024 
07.681,  db  .025 
07.659,  rfc  .024 
07.712,  db  .025 


07.675,  ±  .0096 


General  mean,  "   = 

It  is  noticeable  that  six  of  these  values  agree  very  well. 
The  second  and  third,  however,  diverge  widely  from  the 
average,  but  in  opposite  directions ;  they  have,  moreover, 
high  probable  errors,  and  consequently  little  weight.  Of 
these  two,  one  represents  little  and  the  other  none  of  Stas' 
work.  Their  trifling  influence  upon  our  final  results  be- 
comes curiously  apparent  in  the  series  of  silver  values  given 
a  little  further  along. 

When  we  consider  closely,  in  all  of  its  bearings,  any  one 
of  the  values  just  given,  we  shall  see  that  for  certain  pur- 
poses it  must  be  excluded  from  our  general  mean.  For 
example,  the  first  is  derived  partly  from  the  ratio  between 
silver  and  potassium,  chloride.  From  this  ratio,  the  atomic 
weight  of  one  substance  being  known,  we  can  deduce  that 
of  the  other.  We  have  already  used  it  in  ascertaining  the 
atomic  weight  of  silver,  and  the  value  thus  obtained  is  in- 
cluded in  our  general  mean.  But  if  from  it  we  are  to  deter- 
mine the  molecular  weight  of  potassium  chloride,  we  must 
use  a  silver  value  derived  from  other  sources  only,  or  we 
should  be  assuming  a  part  of  our  result  in  advance.  In 
other  words,  we  must  now  use  a  general  mean  fv^r  silver 
from  which  this  ratio  with  reference  to  silver  has  been  re- 
jected. Hence  the  following  series  of  silver  values,  which 
are  lettered  for  reference : 

A.  General  mean  from  all  eight 107.675,  ±,  .0096 

B.  "  rejecting  the  first 107.671,  db  .0105 

C.  "  "  second 107.671,  db  .0097 

D.  "  "  third 107.679,  db  .0100 

E.  •*  "  fourth 107.675,  rb  .0104 

F.  "  •'  fifth 107.671,  zfc  .0105 

G.  "  "  sixth 107.674,^.0104 

"  "  seventh 107.678,  db  .0105 

"  eighth 107.679,  4;  .0104 
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These  values  are  essentially  the  same,  both  in  magnitude 
and  in  weight.  For  all  practical  purposes  any  one  of  them 
is  as  good  as  any  other.  Still,  on  theoretical  grounds,  it 
may  be  well  to  keep  them  distinct  and  separate  in  the  re- 
mainder of  this  discussion. 

We  are  now  in  a  position  to  determine  more  closely  the 
molecular  weights  of  the  haloid  salts  which  we  have  already 
been  considering. 

For  silver  chloride,  still  employing  the  formula  for  the 
probable  error  of  the  last  term  of  a  proportion,  we  get  the 
following  values : 

From  (5^ :— AgCl  =  143.062,  dr  .032 

From  (13  >  and  (F) "     =  143.032,  ifc  .014 

From  ^17^  and  (21) "    =  143.10S,  ±z  .034 

From  {iS\  and  (26) •*    =  143.061.  d=  .041 

From  ( 19)  and  (27^ "     =  143035,  i  .033 


General  mean **     =  143.045,  db  .0108 

Subtracting  finom  this  the  atomic  weight  of  silver,  107.675, 
=fc  .0096,  we  get  for  the  atomic  weight  of  chlorine,  CI  = 
35.370,  db  .014. 

For  silver  bromide  we  have  these  results  : 

From  t6» AgBr  =  1S7.453,  :n  .043 

From  1 141  and  iG) **     =  1S7.440,  d=  .018 

From  ,  iS'  and  ^25^ **     =  1S7.454,  rb  .053 


General  mean *•     =  187.443,  ±z  .016 

Hence,  using  the  general  mean  for  silver  as  above,  Br  = 
79.70>S,  di  .019. 

Silver  iodide  oomc-s  out  as  follows : 

From    7 .\gl  =  234.195,  ±1  .053 

From    15    and    H^ -    =234.237,^.023 

From    10   ani  ,25. •'    :=  234.240,  :±r  .054 


General  mean ••    =  234.232,  ^z  .019 

Hence  I  =  126.5.57.  zb  .022. 

For  the  molecular  weight  of  sodium  chloride  we  have : 

From    4 NaQ  =  58.366.    ^  .0137 

Frorr.    9    ani    £• ••     =58.368,    ±1.0056 

Ger-eral  scan •*     =  58.36761^  ±:  UN^^ 
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Hence,  if  chlorine  =  35.370,  d=  .014,  then  Na  =  22.998, 
=t  .011. 

For  potassium  chloride : 

From  (i) KCl  =  74.4217,  d=  .016 

From  (10)  and  (B) "    =74.4041,^.007 

From  (17)  and  (25) »*    =  74-3975.  =i= -O^ 7 

General  mean "    =  74.4057,  dz  .0062 

For  potassium  bromide  we  get : 

From  (2) KBr  =  119.117,  dt  .096 

From  (If)  and  (C) "'  =  118.810,  dfc  .0118 

General  mean ♦•    ==  118.815,  ±  .0117 

And  for  potassium  iodide : 

From  (3) Kl  =  165.210.  db  .053 

From  (12)  and  (D) **    =  165.502,  dr  .029 

General  mean "    =  165.432,  dh  .026 

Now,  taking  the  molecular  weights  of  these  three  potas- 
sium salts  in  connection  with  the  atomic  weights  just  found 
for  chlorine,  bromine,  and  iodine,  we  get  these  values  for 
potassium: 

From  the  chloride K  =  39.036,  dz  .016 

From  the  bromide "  =  39.047,  dt  .022 

From  the  iodide "  =  38.875,  d=  .034 

General  mean **  =  39.019,  zt  .012 

Finally,  the  three  sulphur  ratios  give  us  three  estimates 
for  the  atomic  weight  of  sulphur.  In  the  third  of  these  I 
have  applied  the  "A"  value  for  silver  and  the  general  mean 
for  silver  chloride : 

From  (8)  and  (I) S  =  31.968,  ±  .014 

From  (16)  and  (I) "  =  31.995,  ifc  .032 

From  (20) - "  =:  32.041,  db  .028 

General  mean "  =  31.984,  dfc  .012 

V  a{ypropriately  compare  the  results  of  this 
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discussion  with  the  atomic  weights  deduced  by  Stas  from 
his  own  experiments  only.  His  values  are  given  under  two 
headings :  one  for  oxygen  =  16,  the  other  for  0  =  15.96. 
As  we  have  been  using  the  figure  15.9633  for  oxygen,  here 
is  at  the  outset  a  discrepancy.  Starting  from  this  value  we 
found : 

Ag  =  107.675,  dL  .0096 
ci  =   35-370,  dr  .014 

Br  =  79.768,  dL  .019 
I  =  126.557,  dL  .022 
Na  =  22.998,  dL  .01 1 
K  =  39.019,  zfc  .012 
S     :^    31*984,  ifc  .012 

If  we  assume  16  to  be  the  true  figure  for  oxygen,  we  g^ 
the  following  results,  which  I  have  placed  in  a  column  pa^ 
allel  with  the  values  found  by  Stas : 

The  New  Values, 

Silver 107.923 

Chlorine 35-451 

Bromine 79-951 

^               Iodine.. —  126.84S 

Sodium 23.051 

Potassium 39-109 

Sulphur _  32.05S 

These  differences  are  insignificant.  No  other  criticisni 
could  more  severely  test  the  character  of  Stas'  work,  or  more 
definitely  illustrate  his  magnificent  accuracy  of  manipula- 
tion. 


Stas. 

Differences. 

107.930 

.007 

35-457 

.006 

79.952 

.001 

126.850 

.002 

23.043 

.009 

39.»37 

.028 

32.074 

.016 

A 
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NITROGEN. 

The  atomic  weight  of  nitrogen  has  been  determined  from 
the  density  of  the  gas,  from  the  ratio  between  ammonium 
chloride  and  silver,  and  from  the  composition  of  certain 
nitrates. 

Upon  the  density  of  nitrogen  a  great  many  experiments 
have  been  made.  In  early  times  this  constant  was  deter- 
mined by  Biot  and  Arago,  Thomson,  Dulong  and  Berzelius, 
Lavoisier,  and  others.  But  all  of  these  investigations  may 
be  disregarded  as  of  insufficient  accuracy ;  and,  as  in  the  case 
of  oxygen,  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  and  by  Begnault. 

Taking  air  as  unity,  Dumas  and  Boussingault*  found  the 
density  of  nitrogen  to  be — 

•970  / 

.972 

•974 


Mean,  .972,  dL  .00078 

For  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic 
weight  of  oxygen,  the  same  investigators  found  a  mean  of 
.0693,  db  .00013.  Upon  combining  this  with  the  above 
nitrogen  mean,  we  find  for  the  atomic  weight  of  the  latter 
element,  N  =  14.026,  ±  .0295. 

By  Regnaultf  much  closer  work  was  done.  He  found  the 
density  of  nitrogen  to  be  as  follows : 

.97148 

.97148 

•97154 

•97155 
.97108 

.97108 


Mean,  .97137,  db  .000062 


*Compt.  Rend.,  12,  1005.  1841. 
'^Compt.  Rend.,  20,  975.  1845. 
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For  hydrogen,  RegnaulVs  mean  value  is  .069263,  ± 
.000019.  Hence,  combining  as  before,  N  =  14.0244,  ± 
.0039.* 

The  value  found  by  combining  both  series  of  experiments 
is  N  =  14.0244,  ±  .0039. 

In  discussing  the  more  purely  chemical  ratios  for  estab- 
lishing the  atomic  weight  of  nitrogen,  we  may  ignore,  for 
the  present,  the  researches  of  Berzelius,  of  Anderson,  and  of 
Svanberg.  These  chemists  experimented  chiefly  upon  lead 
nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.  Their  results  will  be 
duly  considered  in  the  proper  connection  further  on. 

The  ratio  between  ammonium  chloride  and  silver  has 
been  determined  by  Pelouae,  by  Marignac,  and  by  Stas. 
The  method  of  working  is  essentially  that  adopted  in  the 
similar  experiments  with  the  chlorides  of  sodium  and  potas- 
sium. 

For  the  ammonium  chloride  equivalent  to  100  parts  of 

silver,  Pelourot  found : 

49.556 

A9S17 


M«n.  49- 5565,  =i=  .013 

MarignacJ  obtained  the  following  results.     The  usual 
ratio  for  100  j>art$  of  silver  is  given  also : 

S.o6j;  grm.  .\^  ~  ,vO02  grro.  XH^Q.  49-510 

0.40a  ••  4  ^5t>  49-521 

io.,V]jo  5.ix»  ••  49<52i 

1^.407  ^.^ol  49-540 

n.Jvv  •*  5  «">:  "  40.546 

u.>>:  5505        "  49-483 

4  ;^^  ••  r  U5  -  49- 55^ 


Mean,  40.523,  =  -OOSS 


,-it<»*';  ir.  ft  Kx-<  TJvVC  t^  :hr  chapfc:  tir.  r.vy^r..  fini>  lor  the 

vaUic  «^o*'1,;4^.     Hrnoe  \         14  0£r5.     Thi^  crrrccsicm  s  voj  i^^h^lttft 

*  BoTTi»linv    lohrNu'h.  nTV.  1\:..  5r.  v..  ij^.  HS5. 
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But  neither  of  these  series  can  for  a  moment  compare 
with  that  of  Stas.'*'  He  used  from  12.5  to  80  grammes  of 
silver  in  each  experiment,  reduced  his  weighings  to  a  vac- 
uum standard,  and  adopted  a  great  variety  of  precautions 
to  ensure  accuracy.  He  found  for  every  100  parts  of  silver 
the  following  quantities  of  NH^Cl : 

49.6cx> 

49-599 

49-597 

49-598 

49-597 

49-593 

49-597 

49-5974 

49.602 

49-597 
49-598 
49.592 

Mean,  49-5973»  =*=  -0005 

Now,  combining  these  three  series,  we  get : 

Pelonze ^9-53^5*  ±-  -o^S 

Marignac 49-5^3*    ±  •«>55 

Stas 49-5973»  ±  •0005 

General  mean 49-597*    db  .oc»5 

The  quantity  of  silver  nitrate  which  can  be  formed  from 

a  known  weight  of  metallic  silver  has  been  determined  by 

Penny,  by  Marignac,  and  by  Stas.    Pennyf  dissolved  silver 

in  nitric  add  in  a  flask,  evaporated  to  dryness  without 

transfer,  and  weighed.    One  hundred  parts  of  silver  thus 

gave  of  nitrate : 

1-57-430 
157.437 

157458 
157.440 

157.430 
•  157-455 

Mean,  157.4417,  dL  .0033 

*  Axonstein's  Translation,  pp.  56-58. 
fPhil.  Tkans.,  1839. 
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Marignac's*  results  were  as  follows.  In  the  third  column 
they  are  reduced  to  the  common  standard  of  100  parts  of 
silver : 

68.987  gnn.  Ag  gave  108.608  gnn.  AgNO,.  157*433 

57.844  "  91-047  "  157.401 

66.436  «•  104.592  "  157.433 

70.340  "  1 10.718  "  157.404 

200.000  "  314.894  "  157.447 


Mean,  157.4236,  d=  .0061 

Stas,t  employing  from  77  to  405  grammes  of  silver  m 
each  experiment,  made  two  different  series  of  determina- 
tions at  two  diflferent  times.  The  silver  was  dissolved  with 
all  the  usual  precautions  against  loss  and  against  impurity, 
and  the  resulting  nitrate  was  weighed,  first  after  long  drj-ing 
without  fusion  just  below  its  melting  point;  and  again, 
fused.  Between  the  fused  and  the  unfused  salt  there  was  in 
everj*^  case  a  slight  difierence  in  weight,  the  latter  giving  a 
maxunum  and  the  former  a  minimum  value. 

In  Stas*  first  series  there  are  eight  experiments ;  but  the 
seventh  he  himself  rejects  as  inexact.  The  values  obtained 
for  the  nitrate  from  100  parts  of  silver  are  given  below  in  two 
columns,  representing  the  two  conditions  in  which  the  salt 
was  weighed.  The  general  mean  given  at  the  end  I  have 
deduced  from  the  means  of  the  two  columns  considered  sep- 
arately : 

Unftised.  Fused, 

157492  157474 

157.510  I57.4«i 

157.485  *  57.477 

157.476  157.471 

157.478  157.470 

157.47*  157.463 

157.488  157.469 


Mean,  1574857  Mean,  157472 

General  mean,  157.474.  ±1  .0014 


*  Berzelius*  Lehrbuch,  5th  Ed.,  3,  pp.  11S4.  1185. 
f  Aronstein's  Translation,  pp.  305  and  315. 
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In  the  later  series  there  are  but  two  experiments,  as  fol- 
lows: 

Unfused,  Fused, 

157.4964  157.488 

157.4940  157.480 

Mean,  157.4952  Mean,  157.484 

General  mean,  157.486,  d:  .0003 

Now,  to  combine  all  four  sets  of  results : 

Penny I57.44i7»  ±  0033 

Marignac 157.4236,  d=  .0061 

Stas,  1st  series 157.4740,  dr  .0014 

Stas,  2d  series 157.4860,  dt  .0003 

General  mean 157.479»    ±.0003 

For  the  direct  ratio  between  silver  nitrate  and  silver  chlo- 
ride there  are  two  series  of  estimations.  A  weighed  quan- 
tity of  nitrate  is  easily  converted  into  chloride,  and  the 
weight  of  the  latter  ascertained.  In  two  experiments  Tur- 
ner* found  of  chloride  from  100  parts  of  nitrate : 

84.357 
84.389 

Mean,  84.373.  ±,  .011 

Penny ,t  in  five  determinations,  found  the  following  per- 
centages: 

84.370 
84.388 

84.377 
84.367 
84.370 

Mean,  84.3744,  db  .0025 

The  general  mean  from  both  series  is  84.3743,  d=  .0025. 

The  ratio  directly  connecting  silver  nitrate  with  ammo- 
nium chloride  has  been  determined  only  by  Stas.J    The 

♦  PhU.  Trans.,  1833,  537. 

t  Phil.  Trans.,  1839. 

\  Ajonstein's  Translation,  p.  309. 
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usual  method  of  working  was  followed;  namely,  nearly 
equivalent  quantities  of  the  two  salts  were  weighed  out,  the 
solutions  mixed,  and  the  slight  excess  of  one  estimated  by 
titration.  In  four  experiments  100  parts  of  silver  nitrate 
were  found  equivalent  to  chloride  of  ammonium  as  follows : 

3«-489 
31490 

3 '-487 
31.486 


Mean,  31.488,  dz  .0006 

The  similar  ratio  between  potassium  chloride  and  silver 
nitrate  has  been  determined  by  both  Marignac  and  Stas. 

Marignac*  gives  the  following  weights.  I  add  the  quan- 
tity of  KCl  proportional  to  100  parts  of  AgNO, : 


1.^9  grm.  KCJ  ^- 

4.218  1 

gna. 

AgNCV 

43.836 

^473 

5.640 

•4 

43.848 

3  3>7 

7.565 

M 

43.847 

a.9^ 

6.670 

M 

43.868 

6»i9i 

14.110 

44 

43.877 

4.35» 

9.91S 

.4 

43.870 

Mean.  43-858,  =  .0044 


St{i$*t  ro:5ults  arv  sriven  in  three  series,  representing  silver 
nitmto  fn>m  three  ditforvnt  souiws.  In  the  third  series  the 
nitrnto  w^  \reight\l  in  vacuo,  while  for  the  other  series  this 
i\\nvotiv>u  WHS  applied  in  the  usual  way.  For  the  KQ 
equiv^iUeiu  to  100  pans  of  AirNO,  Sias  found  : 


Vrrr.   <::  **55.  ^   ^K 


NITROGEN.  45 

Second  Series. 

43.864 
43869 
43876 

Mean,  43.8697,  d=  .0023 

Third  Series. 

43894 
43.878 
43.885 

Mean,  43-8857,  d=  .0031 

Combining  all  four  series  we  have : 

Marignac _'_  43.858,    d=  .0044 

Stas,  1st  series.. 43-8755,  =b  .0005 

2d     •* ___ ___  43.8697,  dc  .0023 

3<1     "     -*— - - 438857,  dt  .0031 


it 


General  mean 43.8715,  d=  .0004 

There  have  also  been  determined  by  Penny  and  by  Stas 
a  series  of  ratios  connecting  the  alkaline  chlorides  and  chlo- 
rates with  the  corresponding  nitrates.  One  of  these,  relat- 
ing to  the  lithium  salts,  will  be  studied  further  on  with  ref- 
erence to  that  metal. 

The  general  method  of  working  upon  these  ratios  is  due 
to  Penny.*     Applied  to  the  ratio  between  the  chloride  and 
nitrate  of  potassium  it  is  as  follows :  A  weighed  quantity  of 
the  chloride  is  introduced  into  a  fletsk  which  is  placed  upon 
its  side  and  connected  with  a  receiver.    An  excess  of  pure 
nitric  acid  is  added,  and  the  transformation  is  gradually 
brought  about  by  the  aid  of  heat.    Then,  upon  evaporating 
to  dryness  over  a  sand  bath,  the  nitrate  is  brought  into 
weighable  form.    The  liquid  in  the  receiver  is  also  evapo- 
rated, and  the  trace  of  solid  matter  which  had  been  mechan- 
ically carried  over  is  recovered  and  also  taken  into  account. 
In  another  series  of  experiments  the  nitrate  was  taken,  and 
by  pure  hydrochloric  acid  converted  into  chloride ;  the  pro- 
cess being  the  same.    In  the  following  columns  of  figures  I 

♦Phil.  Trans.,  1839. 
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havo  reduced  both  series  to  one  standard;  namely,  so  as 
Dxprem  the  number  of  parts  of  nitrate  corresponding  to  1 
of  chloride : 

Fint  Seriti.—KCl  treattd  with  HNO^ 

»35-639 

135.637 
135.640 

»35.635 
135630 
135.640 
135-630 


Mean,  135.636,  ±,  .0011 

Sn^Hd  Stries.^KNO^  treated  with  HCL 

135.628 

"35.635 
"35.630 

"35.641 
"35.630 

"35.635 
135.630 

Me«n»  "53  633,  :^  .0011 

Skuk'^  r<N*wlt*  are  a$  follows : 

".15  «^ 

".I5<^r 
"a5«^ 


TfcN^f^  ti^uwi^  S  S^ifci  r\  t*«v«j^«x:  w«i:hmgrs  in  ibe  air.    B 
sfeiK'VNi  V  A  \*cuuya  !i55cxiir\i  :c:i*  n&etiaL  r^ttUj  beeoix 


d^ 
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ty  the  same  general  process  Penny*  determined  how 
ch  potassium  nitrate  could  be  formed  from  100  parts  of 
orate.    He  found  as  follows : 

82.505 

82.497 
82.498 

•  82.500 


Mean,  82.500,  zt  .0012 

|*or  100  parts  of  sodium  chlorate  he  found  of  nitrate : 

79.875 
79.882 

79.890 


Mean,  79.8823,  d=  .0029 

•'or  the  ratio  between  the  chloride  and  nitrate  of  sodium 
iny  made  two  sets  of  estimations  as  in  the  case  of  potas- 
m  salts.  The  subjoined  figures  give  the  amount  of 
rate  equivalent  to  100  parts  of  chloride  : 

Firs/  Sertei,—Naa  treated  with  HNO^. 

'45-415 
145.408 

145.420 

145.424 

145.410 

145.418 

145.420 


MeAn,  145.4164,  db  .0015 

Second  Series.^NaNO^  treated  with  HCL 

145.419 

«45-39» 
145.412 

145.415 
145.412 
145.412 


Mean,  145.410,  d:  .OO26 


*  Phil.  Trans.,  1839. 
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% 


Stas*  gives  the  following  series : 

H5-453 

145.468 

145465 
'45469 

'45»443 


Mean,  after  reducing 
to  vacuum  standard,  145.4526,  =b  .0030 

Combining,  we  have  as  follows: 

Penny,  ist  series 145.4164,  dc  .0015 

"       2d     "      145.410,    rt  .0026 

Stas 145.4526,  ±  .0030 


General  mean 145.4185,  dr  .0012 

We  have  now,  apart  from  the  determinations  of  gaseous 
density,  nine  ratios,  representing  one  hundred  and  fourteen 
experiments  from  which  to  calculate  the  atomic  weight  of 
nitrogen.     Let  us  first  collect  aiid  number  these  ratios : 

(I.)  Ag  :  AgNOj  : :  100  :  157.479.  db  .0003 
(2.)  AgNO,  :  AgCl  : :  100  :  84.3743,  db  .0025 
(3.)  AgNOj  :  KCl : :  100  :  43-8715.  ±   "XH 
(4.)  .\gNOj  :  NH^Cl  : :  lOO  :  31.488,  =t  .OO06 
(5.)  Ag  :  NH4CI  :  :  100  :  49-597.  ±:  .«»5 
(6.^   KCl  :  K\0,  :  :  100  :  135.6363,  dz  .0007 
(7.^   KCIO,  :  KNO,  : :  100  :  82.500,  d=  .OOI2 
{8.)  NaCl  :  NaNO,  : :  lOO  :  I45.4185.  d=  .OOI2 
(9.^  NaClO,  :  Na\0,  : :  lOO  :  79.8S23,  i  .0029 

From  these  ratios  we  are  now  able  to  deduce  the  molec- 
ular weight  of  ammonium  chloride  and  of  the  three  nitrates 
named  in  them.  For  these  calculations  we  may  use  the 
already  doterminoii  atomic  weights  of  silver,  oxygen,  potas- 
sium, sodium,  and  chlorine,  and  the  molecular  wdghts  of 
silver  chloride  and  sodium  chloride.  These  two  molecular 
woight^  involve,  ros|xvtivoly,  the  most  probable  valaes  for 
silver,  soilium,  and  chlorine.  We  cannot,  however,  Appio- 
priatoly  use  the  directly  determined  molecolmr  mif^  of 
]XMHssium  chloride,  since  the  most  probable  value  fiir  tht 


'.rf  """^ 


♦  A^«^ttstem'^  TraiijJaTioii,  p. 
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atomic  weight  of  potassium  is  only  in  part  derived  from 
that  salt.  The  following  are  the  values  which  we  shall 
employ : 


Ag      =  107.675. 

dL  .0096 

K          =r     39.019, 

db  .012 

Na      —    22.998, 

d=  .oil 

CI     —  35.370, 

±  .014 

0,             47.8899. 

db  .0105 

AgCl  =  I43.045» 

ifc   0108 

NaQ  —    58.3676, 

d=  .0052 

Now,  fi:t)m  ratio  number  five  we  can  get  the  molecular 
weight  of  ammonium  chloride,  NH4CI  =  53.4048,  ±  .0048, 
and  N  =  14.0336,  ±  .0153. 

From  ratio  number  four  an  independent  value  for  nitro- 
gen can  be  calculated,  namely,  N  =  14.0330,  ±:  .015. 

For  the  molecular  weight  of  silver  nitrate  three  values 
are  deducible,  namely :  • 

From  (I). —  AgNO,  =  169.5655,  ±  .0151 

From  (2) "       =  169.5362,  ±:  .0138 

From  (3) «*       -=  169.5612,  ±  .0429 


General  mean  _      "       =  169.5489,  ±  .0099 

Hence  N  =  13.9840,  ±  .0174. 

The  molecular  weight  of  potassium  nitrate  is  twice  caL 
culable,  as  follows : 

From  (6) KNO,  =  100.8985,  db  .0255 

From  (7) "      =  100.8801,  dc  .0178 


General  mean..     "      =  100.8863,  db  .0146 

And  N  =  13.9774,  ±  .0216. 

So  also  for  sodium  nitrate  we  have  : 

From  (8) NaNO,  =  84.8773,  dc  .0076 

From  (9) "       =  84.8809,  d=  .0099 

General  mean..      "       =  84.8785,  db  .0060 

And  N  =  13.9906,  ±  .0163. 

We  have  now  before  us  six  estimates  of  the  atomic  weight 

<n  *     iffttL    It  only  remains  for  us  to  combine  these  after 
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the  usual  method,  as  follows,  in  order  to  obtain  the  mort 
probable  value : 

1.  From  specific  gravity  of  N N  =  14.0244,  dt  .0039 

2.  "  ammonium  chloride "  =  14.0336,  dr  -0153 

3.  "  ratio  number  four "  =  14.0330,  ±z  .0150 

4.  "  silver  nitrate *«  =  13.9840,  zh  .0174 

5.  "  potassium  nitrate "  =  13.9774,  ±  .0216 

6.  "  sodium  nitrate "  =  13.9906,  =fc  .0163 

General  mean „"  =  14.0210,  ±  .0035 

If  oxygen  is  16,  this  becomes  14.0291.  Stas  found  N  = 
14.044.  The  diflference  is  .015,  showing  a  remarkably  doee 
agreement.' 


CARBON. 


Although  there  is  a  large  mass  of  material  relating  to  the 
atomic  weight  of  carbon,  much  of  it  may  be  summarily  set 
etside  as  having  no  value  for  present  purposes.  The  density 
of  carbon  dioxide,  which  has  been  scrupulously  determined 
by  many  investigators,*  leads  to  no  safe  estimate  of  the  con- 
stant under  consideration.  The  numerous  analyses  of  hydro- 
carbons, like  the  analyses  of  naphthalene  by  Mitscherlich, 
Woskresensky,  Fownes,  and  Dumas,  give  results  scarcely 
more  satisfactory.  In  short,  all  the  work  done  upon  the 
atomic  weight  of  carbon  before  the  year  1840  may  be  safely 
rejected  as  unsuited  to  the  present  requirements  of  exact 
science.  As  for  methods  of  estimation  we  need  consider  but 
three,  as  follows : 

First. — The  analysis  of  organic  salts  of  silver. 

Second. — The  determination  of  the  weight  of  carbon  dioxide 
formed  by  the  combustion  of  a  known  weight  of  carbon. 


*  Notably  by  Lavoisier,  Biot  and  Arago,  De  Saussure,  Dulong  and 
Buff,  Von  Wrede,  Regnault,  and  Marchand.     For  details.  Van  Getms' 
may  be  consulted. 
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Third. — The  method  of  Stas,  by  the  combustion  of  carbon 
monoxide. 

The  first  of  these  methods,  which  is  also  the  least  accu- 
rate, was  employed  by  Liebig  and  Redtenbacher*  in  1840. 
They  worked  with  the  acetate,  tartrate,  racemate,  and  malate 
of  silver,  making  five  ignitions  of  each  salt,  and  determining 
the  percentage  of  metal.  From  one  to  nine  grammes  of 
material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were 
found : 

64.615 
64.624 
64.623 
64.614 
64.610 


Mean,  64.6172,  :t  .0018 

After  applying  corrections  for  weighing  in  air  this  mean 
becomes  64.6065. 
In  the  tartrate  the  silver  came  out  as  follows : 

59297 
59.299 

59.287 

59.293 
59.293 


Mean,  59.2938,  zt  .0014 
Or,  reduced  to  a  vacuum,  59.2806 

In  the  racemate  we  have : 

59.290 
59.292 
59.287 

59.283 

59.284 

« 

Mean,  59.2872,  d:  .0012 
Or,  corrected,  59.2769 


♦Ann.  Chem.  Phann.,  38,  137.     Mem.  Chcm.  See,  i,  9.     Phil.  Mag.,  (3,) 
19,  210. 
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And  from  the  malate : 

61.996 
61.972 
62.015 
62.059 
62.01 1 


Mean,  62.0106,  db  .0096 
Or,  corrected,  62.0016 

Now,  applying  to  these  mean  results  the  atomic  weights 
alr^dy  found  for  oxygen  and  silver,  we  get  the  following 
values  for  carbon : 

From  the  acetate C  =  12.0306,  ±  .0047 

tartrate "  =  12.0356,  db  .0064 

racemate «*  =  12.0413,  ±  .0063 

malate "  =  12.0408,  dz  .0054 

General  mean "  =  12.0363,  db  .0028 

*  Now  these  results,  although  remarkably  concordant,  are  by 
no  means  unimpeachable.  They  involve  two  possible  sourc«i 
of  constant  error,  namely,  impurity  of  material  and  the  vol- 
atility of  the  silver.  These  objections  have  both  been  raised 
by  Stas,  who  found  that  the  silver  tartrate,  prepared  as  Liel»g 
and  Redtenbacher  prepared  it,  always  carried  traces  of  the 
nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  no4 
get  results  at  all  agreeing  with  theirs.  In  the  case  of  the 
acetate  a  similar  impurity  would  lower  the  percentage  rf 
silver,  and  thus  both  sources  of  error  would  reinforce  each 
other  and  make  the  atomic  weight  of  carbon  come  out  too 
high.  With  the  three  other  salts  the  two  sources  of  error 
act  in  opposite  directions,  although  the  volatility  of  the 
silver  is  probably  far  greater  in  its  influence  than  the  im- 
purity. Even  if  we  had  no  other  data  relating  to  the  atoBiic 
weight  of  carbon,  it  would  be  clear  from  these  facts  that 
the  results  obtained  by  Liebig  and  Redtenbacher  most  be  . 
decidedly  in  excess  of  the  true  figure.  J 

A  different  method  of  dealing  with  organic  silver  fldk  J 
was  adopted  by  Maumene,*  in  1846,  for  the  purpose  of  crfAgM 


« 


Ann.  d.  Chim.  et  d.  Phys.,  (3,)  t8»4I. 
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lishing,  by  reference  to  carbon,  the  atomic  weight  of  silver. 
We  will  simply  reverse  his  results  and  apply  them  to  the 
atomic  weight  of  carbon.  He  eCFecled  the  combustion  of 
the  acetate  and  the  oxalate  of  silver,  and,  by  weighing  both 
the  residual  metal  and  the  i:arbon  dioxide  formed,  he  fixed 
the  ratio  between  these  two  substances.  In  ihe  ease  of  the 
acetate  his  weighings  show  that  for  every  gramme  of  me- 
tallic silver  the  weights  of  CO,  were  produced,  which  are 
shown  in  the  third  column ; 


8.083  B""'  Ag  =    6.585  gun.  CO,, 


'4-351 

i'.693S 

9-030 

7-358 

10.237 

16,475 

.8147 
.8136 
.SI4S 
.8 148 

a '45 

Mean,  ,81448 


The  oxalate  of  silver,  ignited  by  itself,  decomposes  too 
violently  to  give  good  results;  and  for  this  reason  it  was  not 
ttsed  by  Liebig  and  Rcdtenbacher.  Mauraene,  however, 
found  that  when  the  salt  was  mixed  witli  sand  the  eombus- 
lion  could  be  tranquilly  effected.  The  oxalate  employed, 
however,  with  the  exception  of  the  sample  represented  in 
the  last  experiment  of  the  series,  contained  traces  of  nitrate, 
BO  that  these  results  involve  slight  errors.  For  each^ramme 
of  silver  the  appended  weights  of  COj  were  obtained : 


14*99  S"" 

-Ag  = 

S-83S  erm.  CO,. 

.4081 

17.754 

" 

7.117 

.4059 

"-5SO 

4.7»3 

.407a 

10.771 

•■ 

4-387        ■■ 

-4073 

8.674 

3S33 

.4073 

i'-43SS 

4.658         ■• 

■4073 
Mma.  ,4071 

Now,  one  of  these  salts  being  formed  by  a  bivalent  and 
the  other  by  a  univalent  acid,  we  have  to  reduce  both  to  a 
common  standard.  Doing  this,  wo  have  the  following  re- 
sults for  the  ratio  between  the  atomic  weight  of  silver  and 
th«  molecular  weight  of  CO, ;  if  Ag  =  1,00, 
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From  the  acetate,  CO,  =  .40724,  d=  .000076 
**       oxalate,    **    =  .40718,  d=  .000185 

General  mean,    **    =  .40723,  d=  .000071 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate 
becomes  of  such  trifling  weight  that  it  practically  vanishes. 

From  these  data,  if  Ag  =  107.675,  ±  .0096,  CO,  = 
43.8485,  ±  .0086. 

Hence  C  =  11.9219,  ±  .0111. 

As  has  already  been  said,  the  volatility  of  silver  renders 
all  the  foregoing  results  more  or  less  uncertain.    Far  better 
iigures  are  furnished  by  the  combustion  of  carbon  directly, 
tut  carried  out  by  Dumas  and  Stas*  in  1840  and  by  Erdmann 
and  Marchandt  in  1841.    In  both  investigations  weighed 
quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
gniphite  were  burned  in  oxygen,  and  the  amount  of  dioxide 
produced  was  estimated  by  the  usual  methods.   The  graphite 
employed  was  purified  with  extreme  care  by  treatment  with 
strong  nitric  acid  and  by  fusion  with  caustic  alkali.    I  have 
nnluced  all  the  published  weighings  to  a  common  standard, 
iH>  t\s  to  show  in  the  third  column  the  amount  of  oxygec 
which  combines  with  a  unit  weight  (say  one  gramme)  o 
oarlxn\.    Taking  Dumas  and  Stas'  results  first  in  ordar  w 
have  from  natural  graphite : 

.,»S  "  ;  oco         -  ^6673 

>^  -*  ;  ^»5         -  2.6673 

I  i^^  *"  4  4M 

I  *•»  -  5.W5 


ut.  2.to^3.  ^ 
%vc  jL"?:*    v"  f*^t   :  ?kAi  f:r=.   v\\.  2.6714 
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And  with  diamond : 

.708  grm.  C  gave  2.598  grm.  CO,.  2.6695 

.864     «*     3.1675   "  2.6661 

1.219  "  4.465         "  2.6628 

1.232  "  4.519         "  2.6680 

1.37s  "  5-041         "  2.6662 

Mean,  2.6665,  db  .0007 

Erdmann  and  Marchand's  figures  for  natural  graphite 
give  the  following  results  : 

1.5376  gnn.  gave  5.6367  grm.  CO,.  2.6659 

1.6494  **         6.0384         "  2.6609 

1.4505  "  531575        "  26647 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave 
6.9365  grm.  CO,.  Ratio  for  0, 2.6628.  This,  combined  with 
the  forgoing  series,  gives  a  mean  of  2.6636,  ±  .0007. 

With  diamond  they  found : 

.8052  grm.  gave  2.9467  grm.  CO,.  2.6596 

1.0858    "    3.9875    "  2.6632 

1-3557    "    4.9659    "  2.6629 

1.6305    "    5.97945   "  2.6673 

.7500    "    2.7490    *«  2.6653 

Mean,  2.6637,  db  .0009 

Now,  combining  all  these  series,  we  get  the  following 
result: 

Dumas  and  Stas,  ist  set 2.6683,    ±  .0005 

2d  **    2.66985,  rh  .0013 

3d   "    2.6665,     :b  .0007 

Erdmann  and  Marchand,  ist 2.6636,    d=  .0007 

«*  2d 2.6637,    dt  .0009 

General  mean 2.66655,  dz  .0003 

Hence,  if  0  =  15.9633,  ±  .0035,  C  =  11.973,  dz  .0030. 

Another  very  exact  method  for  determining  the  atomic 
weight  of  carb6n  was  employed  by  Stas*  in  1849.  Carefully 
purified  carbon  monoxide  was  passed  over  a  known  weight 

*Bull.  Acad.  Bruxelles,  1849,  (i,)  31. 
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of  copper  oxide  at  a  red  heat,  and  both  the  residual  metal 
and  the  carbon  dioxide  formed  were  weighed.  The  weigh- 
ings were  reduced  to  a  vacuum  standard,  and  in  each  ex- 
periment a  quantity  of  copper  oxide  was  taken  representing 
from  eight  to  twenty-four  grammes  of  oxygen.  The  method, 
as  will  at  once  be  seen,  is  in  all  essential  features  similar  to 
that  usually  employed  for  determining  the  composition  of 
water.  The  figure^  in  the  third  column,  deduced  fix>m  the 
weights  given  by  Stas,  represent  the  quantity  of  carbon 
monoxide  corresponding  to  one  gramme  of  oxygen : 

9.265  grm.  o  =  25.483  CO,.  1-75046 

8.327        "       22.900   "  1. 75010 

139438      "       38.351    "  1.75040 

11.6124    "    3».935  "  1.75008 

18.763    "    51-6055  "  1.75039 

19-581     "    538465  "  1.74994 

22.515    "    61.926  "  1.75043 

24.360    "    67.003  "  1.75053 

Mean,  1.75029,  dr  .00005 

Hence  the  molecular  weight   of   carbon   monoxide  is 
27.9404,  ±:  .0062.    And  C  =  11.9771,  ±:  .0071. 

Now,  in  order  to  complete  our  discussion,  we  must  com- 
bine the  four  values  we  have  found  for  carbon : 

1.  By  Liebig  and  Redtenbacher«.C  =  12.0363,  i  .0028 

2.  By  Maumen^'s  figures "  =  11. 9219,  ±  .0111 

3.  By  combustion  of  carbon "  =  11.9730,  d:  .0030 

4.  By  Stas'  method "  =  11.9771,  dz  .0071 

General  mean "  =  12.0021,  ±  .0019 

But  values  one  and  two  are  hardly  reliable  enough  to  be 
included  in  our  final  estimate.  They  involve  dangerous 
constant  errors,  and  ought,  therefore,  to  be  disregarded. 
Rejecting  them  altogether,  and  taking  a  general  mean  from 
values  three  and  four,  we  get  for  the  most  probable  figure 
for  the  atomic  weight  of  carbon,  C  =  11.9736,  zt  .002a  If 
oxygen  is  IC,  then  carbon  becomes  12.0011.  In  other  lfeid%  i 
the  ratio  between  oxygen  and  carbon  is  almost  eWK»**^  ""^  '™ 
to  12. 
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BARIUM. 

For  determining  the  atomic  weight  of  barium  we  have  a 
series  of  six  ratios,  established  by  the  labors  of  Berzelius, 
Turner,  Struve,  Pelouze,  Marignac,  aiid  Dumas.  Andrews* 
and  Salvetatyt  in  their  papers  upon  this  subject,  gave  no 
details  nor  weighings ;  and,  therefore,  their  work  may  be 
properly  disregarded.  First  in  order  in  point  of  import- 
ance, if  not  first  chronologically,  is  the  ratio  between  silver 
and  anhydrous  barium  chloride,  as  determined  by  Pelouze, 
Marignac,  and  Dumas. 

Pelouze,t  in  1845,  made  the  three  subjoined  estimations 
of  this  ratio,  using  his  well  known  volumetric  method.  A 
quantity  of  pure  silver  was  dissolved  in  nitric  acid,  and  the 
amount  of  barium  chloride  needed  to  precipitate  it  was  ac- 
curately ascertained.  In  the  last  column  I  give  the  quan- 
tity of  barium  chloride  proportional  to  100  parts  of  silver : 

3.860  grm.  BaG,  ppt.  4.002  grm.  Ag.  96.452 

5790  "  6.003        "  96.452 

2.895  "  3.00"        "  96.468 


Mean,  96.4573,  i  .0036 

Essentially  the  same  method  was  adopted  by  Marignac|| 
in  1848.  His  experiments  were  made  upon  four  samples  of 
barium  chloride,  as  follows.  A,  commercial  barium  chlo- 
ride, purified  by  recrystallization  from  water.  B,  the  same 
salt,  9alcined,  redissolved  in  water,  the  solution  saturated 
with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C, 
the  preceding  salt,  washed  with  alcohol,  and  again  recrys- 
tallized.  D,  the  same,  again  washed  with  alcohol.  For  100 
parts  of  silver  the  following  quantities  of  chloride  were  re- 
quired: 

*  Chemical  Gazette,  October,  1852. 

f  Compt  Rend.,  17,  318. 

}  GompL  Rend.,  20,  1047.    Joum.  fUr  Prakt.  Chem.,  35,  73. 

I|  Aidi.  d.  Set  Phys.  el  Nat.,  8,  271. 
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A. 

96.356 

96.345 
96.362 

Mean,  96.3543»  ±  •«>33 


B. 


•    96.356 
96.452 

Mean,  96.354,  db  .0013 


96.358 
96.363 

Mean*  96.3605,  db  .0017 

D. 

96.346 

96^384 
96.361 

96-377 
M«UL  9<>-j67.  -:  .0057 


Duoifts*  «ni(4oT>ed  bdurium  cUoride  pref^red  from  pare 
Nmum  nimii^.  and  ikv^  ihi^  extn  preciinioii  of  fasiiig  the 
^t  ;jil  ;ji  nKi  ItoMil  in  ;ii  cuTT^»il  cf  dnr  h^r^irodikMric  acid  gas. 
Thn^  $i»t«  of  <ext>eri}SM:iis  iqKn  ihrei^  samples  of  cMofMft 


Cji^r»r  .^ 

t.'^^ 

^f  '11. 

?^^^     - 

5  <0^  ^TSB.    A^ 

i^**^ 

^t5$s 

# 

^dJI^ 

a.<***t 

A  ?KS 

5S^ 


BARIUM. 

Svn'fs  B. 

• 

t.6625 

grm. 

BaCl,= 

:  1.727  grm.  Ag. 

Ratio, 

96.265 

2.4987 

2.5946 

96.304 

3.4468 

m 

3-579 

96.306. 

4.0822 

4.2395 

96.290 

4.2062 

4.3683 

96.289 

4-4564 

4.629 

96.271 

8.6975 

9.031 

Mean, 

96.307 

96.2902, 

Series  C. 
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2.2957  gnn.  BaCl,  =  2.3835  grm.  Ag.  Ratio,  96.316 

4.1372            "              4.293          «'  96.37' 

4.2662            **              4.430          "  96.303 

4.4764            «              4.647          "  96.329 

5.6397            "              5.852          «*  96.372 


Mean,  96.3382,  rfc  .0096 

We  have  now  eight  series  of  experiments  upon  this  ratio, 
representing  thirty  distinct  estimations.  Combining,  we  get 
a  general  mean  as  follows : 

Pelouze 96.4573,  lb  .0036 

Marignac,  A 96.3543»  :t   0033 

B 96.3540,  d=  .0013 

C 96.3605,^.0017 

D 96.3670,  ifc  .0057 

Dumas,  A 96.3325,  d:  .0068 

"       B 96.2902,  d=  .0043 

"      C 96.3382,  d=  .0096 


General  mean 96.3596,  db  .0009 

The  ratio  between  silver  and  crystallized  barium  chloride 
has  also  been  fixed  by  Marignac*  The  usual  method  was 
employed,  and  two  series  of  experiments  were  made ;  in  the 
second  of  which  the  water  of  crystallization  was  determined 
previous  to  the  estimation.  Five  grammes  of  chloride  were 
taken  in  each  determination.  The  following  quantities  of 
BaC1^2H,0  correspond  to  100  parts  of  silver : 

♦  Joum.  f.  Prakt.  Chem.,  74,  212.     1858. 
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A.  B. 


113-109  "3->3S 

ii3>35  113.122 

1 13097  113.060 


Mean,  113. 114,  db  .0074  Mean,  113. 106,  db  .0154 

The  general  mean  from  both  series  is  113.113,  =b  .0067. 

The  direct  ratio  between  the  chlorides  of  silver  and 
barium  was  early  established  both  by  Berzelius*  and  Tur- 
ner.f  Berzelius  found  that  100  parts  of  dry  barium  chlo- 
ride gave  of  silver  chloride: 

13^06 
138.08 

Mean,  138.07,  ifc  .007 

Turner  made  five  experiments,  with  the  following  results: 

■37^5 
i37.54 
«37.70 
« 37.62 

137.64 

Of  these.  Turner  n:^irds  the  fourth  and  fifth  as  the  most 
exact.  Thei^e  give  a  moan  of  137.63,  =  .007,  while  the 
other  three  are  in  mean  137.563,  ir  ,040.  Combining  Ber- 
uelius"  figures  with  thos^  of  Turner,  we  get  as  follows : 

Ber?d3»<. i^^^T-    =r   007 

TtiroCT,  1,  i,  5 157,51*5.  rr  .049 

-     4^5 «i;:^5-  = -007 


iVaicTLl  nwiE ij;7,&4i,  —  -OO47 


Incidental! V  10  ?i>me  of  his  caber  work  > 
minod  the  peiw-Jit**^'  of  waicx  in  rTy5iiilli«f«d  liarinm  dilo* 
r)di\  Two  f^'-iis  of  ihTW-  cxporimtinis  each  wea^e  made^  tbe 
firsa  "upon  five  crftniTOO?  Ani^  ibe  f^eoond  upon  t<ai 
of  <?jih.     The  foh^owiniT  *rf  ihr  Ty*-roc£niaefs?  clittiifeeid: 


d 
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A. 

B. 

14.790 

14.80 

14.796 

14.81 

14.800 

14.80 
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Mean,  14.795.  ^  .0019  Mean.  14.803,  ±  .002 

General  mean  of  both  series.  14.799,  ^  .0014 

The  ratio  between  barium  nitrate  and  barium  sulphate 
has  been  determined  only  by  Turner.*  According  to  his 
experiments  100  parts  of  sulphate  correspond  to  the  follow- 
ing quantities  of  nitrate : 

112.060 
111.990 
112.035 


Mean,  112.028,  dr  .014 

For  the  similar  ratio  between  the  sulphate  and  the  chlo- 
ride there  are  experiments  by  Turner,  Berzelius,  Struve, 
and  Marignac.  Turnerf  found  that  100  parts  of  chloride 
ignited  with  sulphuric  acid  gave  112.19  parts  of  sulphate. 
By  the  common  method  of  precipitation  and  filtration  a 
lower  figure  was  obtained,  because  of  the  slight  solubility  of 
the  sulphate.  This  point  bears  directly  upon  many  other 
atomic  weight  determinations. 

Berzelius,!  treating  barium  chloride  with  sulphuric  acid, 
obtained  the  following  results  in  BaS04  for  100  parts  of 

BaCl, : 

112.17 
112.18 


Mean,  112.175,  zh  .0034 

Struve,||  in  two  experiments,  found  : 

112.0912 
112.0964 


Mean,  112.0938,  d=  .0018 


*  Phil.  Trans.,  1833,  538. 

t  Phil.  Trans.,  1829,  291. 

t  Poggend.  Annal.,  8,  177. 

II  Ann.  Chem.  Pharm.,  80,  204.     185 1. 
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Marignac's*  three  resnlts  are  as  follows : 

8.520  gnn.  BaG,gave  9.543  BaSO^.       Ratio,  112.007 

8.519  "  9-544      **  112.052 

8.520  "  9.542      "  111-995 

Mean,  112.011,  rb  .0071 

Rejecting  Turner's  single  result  as  unimportant,  we  may 
combine  the  other  series : 

Berzelius 112.175,    db  .0034 

Struve 112.0938,  d=  .0018 

Marignac 112.011,    db  .0071 

General  mean 112.106,    :h  .0015 

The  data  fix)m  which  we  are  to  calculate  the  atomic  weight  * 
of  barium  may  now  be  tabulated  as  follows : 

(I.)  Ag,  :  BaCl,  : :  lOO  :  96.3596,  dz  .0009 

(2.)  Ag,  :  BaCl,.2H20  : :  lOO  :  1 1 3. 1 13,  dr  .0067 

(3.)  BaG,  :  2AgCl  : :  lOO  :  137.841,  d=  .0047 

(4.)  Per  cent,  of  H^O  in  BaCl,.2H,0,  14.799,  ^  .0014 

(5.)  BaSOf  :  BaN^O^  : :  112.028,  dz  .014 

(6.)  BaCl,  :  Ba-SO^  : :  loo  :  112. 106,  dr  .0015 

From  these  ratios,  with  the  aid  of  the  atomic  weights 
already  established,  we  can  immediately  calculate  four  inde- 
pendent values  for  the  molecular  weight  of  BaCl, : 

From  (i) BaCl,  =  207.510,  dr  .019 

From  (2) **     =  207.662,  db  .027 

From  (3) __-     "     =  207.536,  ±  .017 

From  (4) •*     =  206.837,  ifc  .045 

General  mean **     =  207.505,  dr  .oil 

We  have  here  an  interesting  example  of  the  compensation 
of  constant  errors.  Ratios  (2)  and  (4)  both  represent  work 
done  by  Marignac  upon  barium  chloride  containing  water 
of  crystallization.  If  now,  as  is  not  improbable,  the  salt 
contained  a  trifling  excess  of  water,  the  molecular  weight  of 
barium  chloride  as  calculated  from  (2)  would  come  out  too 
high,  while  on  the  other  hand  the  result  from  ratio  (4)  1 
would  err  in  the  opposite  direction.     In  point  of  Ukdtf  t|i0    .  j 

♦  Joum.  f.  Prakt.  Chem.,  74,  212.     185S. 
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two  results  in  the  present  calculation  nearly  compensate 
each  other,  and,  on  account  of  their  relatively  high  prob- 
able errors,  they  exert  but  an  unimportant  influence  upon 
the  general  mean. 

In  conclusion,  we  have  three  independent  values  for  the 
atomic  weight  of  barium : 

From  mol.  wt.  of  BaQ, Ba  =  136.765,  dfc  .031 

From  ratio  (5) *»  :=  136.795,  zt  .364 

From  ratio  (6) "  =  136.595,  ^  .309 

«  

General  mean "  =  136.763,  dfc  .031 

If  0  =  16,  then  Ba  =  137.007.  In  other  words,  the  ratio 
between  oxygen  and  barium  is  almost  an  exact  ratio  between 
two  whole  numbers. 

In  the  above  discussion  it  will  at  once  be  noticed  that  the 
second  and  third  values  for  Ba  have  very  high  probable 
errors,  and  that  they  therefore  exert  almost  no  influence 
upon  the  general  mean.  This  fact  by  no  means  renders 
them  worthless  however,  for,  at  the  lowest  .estimate,  they  are 
useful  in  confirmation  of  the  better  determinations.  It  is 
also  highly  probable  that  the  method  of  discussion,  rigidly 
carried  out,  does  not  do  them  absolute  justice. 


64  THE   ATOMIC   WEIGHTS. 


STRONTIUM. 

The  ratios  which  fix  the  atomic  weight  of  strontium 
semble  in  general  terms  those  relating  to  barium,  only  they 
are  fewer  in  number  and  represent  a  comparatively  small 
amount  of  work.  The  early  experiments  of  Stromeyer,* 
who  measured  the  volume  of  CO,  evolved  from  a  known 
weight  of  strontium  carbonate,  are  hardly  available  for  the 
present  discussion.  So  also  we  may  exclude  the  determina- 
tion by  Salvetat,t  who  neglected  to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver 
first  in  order,  we  have  series  of  figures  by  Pelouze  and  by 
Dumas.  Pelouzet  employed  the  volumetric  method  already 
described  under  barium,  and  in  two  experiments  obtained 
the  subjoined  results.  In  another  column  I  append  the 
ratio  between  SrCl,  and  100  parts  of  silver: 

1.480  grm.  SrCl,  =  2.014  grm.  Ag.  73-4S6 

2.210  •*.  3.008        "  73-47i 


Mean,  73.4781.  dr  .0050 

Diimas,||  by  the  same  general  method,  made  sets  of  ex- 
{>erimonts  with  three  samples  of  chloride  which  had  pre- 
viously been  fused  in  a  current  of  dry  hydrochloric  acid 
His  results,  expressed  in  the  usual  way,  are  as  follows  : 

3- 137  gnn.  SrCl,  --  4.2S0  grm.  .\g.  Ratio.  73-2944 

1.9S2             "  2.70s        '*  73-2717 

3.041             "  4142        ••  73-41^6 

3099  4.219        "  73-4534 


Mean.  73'3595»  ±  -^^^^ 


♦  Schweigg-  Joum.,  19,  22S.     I  Si  6. 

+  Cain}«.  R«Ki..  17.  318.     1S43. 

:  Coray*.  RciKi..  20,  1047,     1S45- 

'  .\nn.  Ch:m,  Phys..    3.'  55,  2Q,     1S59.      Ann.  OieHU  Ana.*!^ 
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Series  B, 

3-35^  gnn-  SrCl,  =  4.574  grm.  Ag.  Ratio,  73-3713 

6.364s           "             8.667        "  73.4327 

7.131             "            9.712        '*  73.4246 


/■ 


Mean,  73.4095,  =b  .0130 


II 


Series  C 

7.213  grm.  SrCl,  =:  9.81 1  grm.  Ag.  Ratio,  73.5195 

2.206            «*             3.006        «*  73.3866 

4.268             "             5.816        ««  73-5529 

4.018            "       .     5.477        «  73-3613 

Mean,  73-455'.  ^  -0321 

Combining,  we  have : 

Pelonze 73.4781,  dt  .0050 

Dumas,  A _.  73-3595»  ±^  -03^3 

B - - 73-4095.  ±  .0130 

C 73.455>.  ±  .0321 

General  mean 73.4655,  ifc  .0046 

The  forgoing  figures  apply  to  anhydrous  strontium  chlo- 
ride. The  ratio  between  silver  and  the  crystallized  salt, 
SrCl,.6H,0,  has  also  been  determined  in  two  series  of  ex- 
periments by  Marignac*  Five  grammes  of  salt  were  used 
in  each  estimation,  and,  in  the  second  series,  the  percentage 
of  water  was  first  determined.  The  quantities  of  the  salt 
corresponding  to  100  parts  of  silver  are  given  in  the  last 
column : 

Series  A. 

5  grm.  SrCl,.6H,0  =  4.0515  grm.  Ag.  1 23.411 

4.0495        "  123.472 

"  "  4.0505        "  123.442 

Mean,  123.442,  dr  .012 

Series  B. 

5  gnn.  SrCI,.6H,0  =  4.0490  grm.  Ag.  123.487 

4.0500        "  123.457 

"  "  4-0490        "  123.487 

Mean,  123.477,  ±  .007 
General  mean  of  both  series,  123.470,  dr  .006 

•  Joum.  Prakt.  Chem.,  74,  216.     1858. 
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In  the  same  paper  Marignac  gives  two  sets  of  determina- 
tions of  the  percentage  of  water  in  crystallized  strontium 
chloride.    The  first  set,  corresponding  to  "  B  "  above,  comeB 

out  thus : 

40.556 
40.568 
40.566 


Mean,  40.563,  d:  .0024 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a 
time,  and  the  following  percentages  were  found : 

40.58 

40.59 
40.58 


Mean,  40.583,  d=  .OOJO 
Generml  mean,  from  both  series,  40.575,  •±,  .0015 

The  chloride  used  in  the  series  of  estimations  last  given 
was  subsequently  employed  for  ascertaining  the  ratio  be- 
tween it  and  the  sulphate.  Converted  directly  into  sulphate, 
100  i^rts  of  chloride  yield  the  quantities  given  in  the  third 
wlumn : 


5.tHi  <nf»   ^"v^  S*^^  ^5:2$:  gna.  Sc5c\.  1 15-952 

5.04i  "*  ^^^  ~  «>5-9'7 


Vesji.  ii>.076.  r=  .004 

Xow.  to  5;;u\  xro  :hc  i^ikis  and  cdcolate  ihe  atomics 


•      V    ^"^"r  ^^1*^       '"^  "  ••5-^"^  —  -306 

^;:      TV"  *'^«   «v  K..*  n  >»<^rH.J^  *i5*5.  ^  .0015 


\\>  ^'^w  >iAx\'  :i^f  Tri.'wvcjLr  vt-x-^  :c  SrCI., 


»,\it     : S-r^    -  :  5:*.  arf^  =   M? 

»,^»r     r      . •  -5^ --5   =  -=?• 

>Vvr   i    •         ;?r  >5^  =  -552 


.V'M^**  nv^r.  :ov:ca».^ 
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And  for  the  atomic  weight  of  strontium  itself  we  have 
two  values,  as  follows : 

1.  From  mol.  wt.  of  SrClj Sr  =  87.384,  ±  .032 

2.  From  (4) "  =  86.765,  dt  .244 


General  mean —  "  =  87.374,  d:  .032 

If  O  =  16,  then  Sr  =  87.575. 


CALCIUM. 


For  determining  the  atomic  weight  of  calcium  we  have 
sets  of  experiments  by  Berzelius,  Erdmann  and  Marchand, 
and  Dumas.  Salv^tat*  also  has  published  an  estimation, 
but  without  the  details  necessary  to  enable  us  to  make  use 
of  his  results.  I  also  find  a  referencef  to  some  work  of 
Marignac ;  which,  however,  seems  to  have  been  of  but  little 
importance.  The  earlier  work  of  Berzelius  was  very  in- 
exact as  regards  calcium,  and  it  is  not  until  we  come  down 
to  the  year  1842  that  we  find  any  material  of  decided  value. 

The  most  important  factor  in  our  present  discussion  is  the 
composition  of  calcium  carbonate,  as  worked  out  by  Dumas 
and  by  Erdmann  and  Marchand. 

In  1842  DumasJ  made  three  ignitions  of  Iceland  spar, 
and  determined  the  percentages  of  carbon  dioxide  driven 
off  .and  of  lime  remaining.  The  impurities  of  the  material 
were  also  determined,  the  correction  for  them  applied,  and  the 
weighings  reduced  to  a  vacuum  standard.  The  percentage 
of  lime  came  out  as  follows : 

56.12 
56.04 
56.06 


Mean,  56.073,  d:  .016 


*Compt.  Rend.,  17,  318.     1843. 
t  See  Oudeman's  monograph,  p.  5 1 . 
JCompt.  Rend.,  14,  537.     1842. 
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About  this  same  time  Erdmann  and  Marchand*  began 
thoir  researches  upon  the  same  subject.    Two  ignitions  of 
spar,  containing  .04  per  cent,  of  impurity,  gave  respectively 
50.09  and  50.18  per  cent,  of  residue;  but  these  results  are 
not  exact  enough  for  us  to  consider  further.     Four  other 
results  obtained  with  artificial  calcium  carbonate  are  more 
noteworthy.    The  carbonate  was  precipitated  from  a  solu- 
tion of  pure  calcium  chloride  by  ammonium  carbonate,  was 
wtished  thoroughly  with  hot  water,  and  dried  at  a  tempera- 
ture of  180°.    With  this  preparation  the  following  residues 
of  lime  were  obtained : 

56.03 

55.98 
56.00 

55.99 


Mean,  56.00,  dr  .007 


It  was  subsequently  shown  by  Benelios  that  calcium  ca^ 
bonate  prepared  by  this  method  retains  traces  of  water  even 
at  ^X^"\  and  that  minute  quantities  of  chloride  are  also  held 
l\Y  it.  Tht^^  ^>uroes  of  em>r  are,  however,  in  opposite  di- 
rivtioujs  since  one  would  tend  to  diminish  and  the  other  to 
inorosii^^  the  weight  of  residue. 

In  the  5«n>e  jvi^ivr  there  are  also  two  dir>ecl  estimations  <rf 
V  arlxMuo  aoid  in  pure  Kvland  spar,  which  coirespond  to  the 
roriowiuj:  jvTvvniaiTes  of  lime : 


j«rrt<t^  x\:  T>f^»;:^)$  h^t:^  ^qvci  ibe  i^iikci  of  Icdaiid  ipar. 

J 


CAIXJIUM.  69 

4.2134  gnn.  CaCO,  gave  2.3594  gnn.  CaO.        55-997  per  cent. 

15.1385  "  8.4810  "  56.022 

23.5503  "  13- '958  "  56.03' 

23.6390  *•  13-^56  "  56.032 

42.0295  •*  23.5533  "  56.044 

49-7007  «  27.8536  "  56.042 


it 

n 
«( 
«t 
«< 


Mean,  56.028,  db  .0047 

Six  years  later  Erdmann  and  Marchaud"^  published  one 
more  result  upon  the  ignition  of  calcium  carbonate.  They 
found  that  the  compound  began  giving  off  carbon  dioxide 
below  the  temperature  at  which  their  previous  samples  had 
been  dried,  or  about  200^,  and  that,  on  the  other  hand, 
traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 
These  two  errors  do  not  compensate  each  other,  since  both 
tend  to  raise  the  percentage  of  lime.  In  the  one  experiment 
now  under  consideration  these  errors  were  accurately  esti- 
mated, and  the  needful  corrections  were  applied  to  the  final 
result.  The  percentage  of  residual  lime  in  this  case  came 
out  55.998.  This  agrees  tolerably  well  with  the  figures 
found  in  the  direct  estimation  of  carbonic  acid,  and,  if  com- 
bined with  those  two,  gives  a  mean  for  all  three  of  56.006^ 
db  .0043. 

Combining  all  these  series  we  get  the  following  result : 

Dumas 56.073,  ±.016 

Erdmann  and  Marchand 56.006,  it:  .007 

"  "        56.028,  dt  .0047 

— -  56.006,  ±.  .0043 


«<  <( 


General  mean 56.0198,  d:  .0029 

For  reasons  given  above  this  mean  is  probably  vitiated 
by  a  slight  constant  error,  which  makes  the  figure  a  trifle 
too  high. 

In  the  earliest  of  three  papers  by  Erdmann  and  Marchand 
there  is  also  given  a  series  of  determinations  of  the  ratio 
between  calcium  carbonate  and  sulphate.     Pure  Iceland 

*  Joum.  filr  Prakt  Chem.,  50,  237.     1850. 
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spar  was  carefully  converted  into  calcium  sulphate,  and  the 
gain  in  weight  noted.  One  hundred  parts  of  spar  gave  of 
sulphate : 

136.07 
136.06 
136.02 
136.06 


Mean,  136.0525,  d=  .0071 

In  1843  the  atomic  weight  of  calcium  was  redetermined 
by  Berzelius,*  who  investigated  the  ratio  between  lime  and 
calcium  sulphate.  The  calcium  was  first  precipitated  from 
a  pure  solution  of  nitrate  by  means  of  ammonium  car- 
bonate, and  the  thoroughly  washed  precipitate  was  dried 
ami  sti'ongly  ignited  in  order  to  obtain  lime  wholly  free 
fn>ni  extraneous  matter.  This  lime  was  then,  with  suitable 
pnvautions,  treated  with  sulphuric  acid,  and  the  resulting 
sulphate  was  weighed.  Correction  was  applied  for  the  tracf 
of  solid  impurity  contained  in  the  acid,  but  not  for  the 
woighing  in  air.  The  figures  in  the  last  column  represent 
tlio  {H^roontago  of  weight  gained  by  the  lime  upon  conversion 
into  sulphate: 

I. $04^5  i:mu  CiO  gained  2.56735  gnn.  1-12.295 

i.5v\4CO  -  3-57050    -  142.592  V 

ji<KVW  "  555140    ••  "42-543 

;,n\4->o  •*  4.32650    -  142.202 

3.45^v>  •-  4^03140    -  142.567 

Mess.  142.399S,  =  .0518 

l-A:^;  of  all  vfv  hAVt^  xho  T^tio  between  calcium  chloride 
;^nxl  s:  Avr.  as  d^^'^r.uuuvi  by  Dumas.'*'  Pare  calcimn  chlo- 
r^io  x^^^  St^^  ic«iu\i  :::  jk  S5i>?842ii  of  dry  hTdix)chloric  add, 
;j^v.x;  ;J;o  sk<;uu^i;  v^:  :h:s  j;il:  wias  dncrv^uds  titrated  with  a 
s;lxvr  5^vx;v,v^u  ;;x  :hc  x^suaI  wsv.    The  CaCl,  {woportional 


i 
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2.738  grm.  CaCl,  =  5.309  gnn.  Ag.  5«'573 

2.436  "  4.731        "  51.490 

1.859  "  3.617        "  51-396 

2.771  •*  5.3885      "  51.424 

2.240  «  4.3585      "  51.394 

Mean,  51.4554.  ±  -0230 

We  have  now  four  ratios  to  calculate  from,  as  follows : 

(I.)  Per  cent,  of  CaO  in  CaCO,.  56.0198,  d=  .0029 
(2.)  CaO  :  SO,  : :  100  :  142.3998,  d:  .0518 
(3.)  CaCO,  :  CaSO^  : :  100  :  136.0525,  d=  .0071 
(4.)  Ag  :  CaCl,  : :  100  :  51.4554*  db   0230 

These  give  us  the  subjoined  values  for  calcium : 

From  (I) — Ca  =  39.955*  ±  o" 

From  (2) "  =40.139,  =b  .023 

From  (3) —  "  =  39925*  ±   068 

From  (4) "  =40.069,  ±:  .058 


• 


General  mean "  =  39.990,  d=  .010 

If  0  =  16,  then  Ca  =  40.082. 

A  glance  at  the  above  figures  will  show  that,  if,  as  is 
probable,  the  value  deduced  from  the  composition  of  calcium 
carbonate  is  a  trifle  too  high,  the  general  mean  must  be  too 
high  also.  It  is,  therefore,  interesting  to  see  what  result  the 
very  latest  of  Erdmann  and  Marchand^s  experiments  will 
lead  to.  They  found,  after  taking  every  precaution,  in  a 
single  experiment  that  calcium  carbonate  yielded  55.998  per 
cent,  of  lime.  From  this  we  get  Ca  =  39.905 ;  or,  if  0  = 
16,  Ca  =  39.997.  It  is  possible,  then,  that  "  Front's  law  " 
may  hold  good  for  ccdcium. 
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LEAD. 

For  the  atomic  weight  of  lead  we  have  to  consider  experi- 
ments made  upon  the  oxide,  chloride,  nitrate,  and  sulphate. 
The  researches  of  Berzelius  upon  the  carbonate  and  various 
organic  salts  need  not  now  be  considered,  nor  is  it  worth 
while  to  take  into  account  any  work  of  his  done  before  the 
year  1818.  The  results  obtained  by  Dobereiner*  and  by 
Longchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  de- 
pend upon  the  researches  of  Berzelius.  His  experiments 
were  made  at  different  times  through  quite  a  number  of 
years ;  but  were  finally  summed  up  in  the  last  edition  of 
his  famous  "  Lehrbuch."^  In  general  terms  his  method  of 
experiment  was- very  simple.  Perfectly  pure  lead  oxide  was 
heated  in  a  current  of  hydrogen,  and  the  reduced  metal 
weighed.  From  his  weighings  I  have  calculated  the  per- 
centages of  lead  thus  found  and  given  them  in  a  third 
column : 


m 

Earlier  Results. 

8.045  SP^^' 

PbO 

gave  7.4675  gf"*- 

Pb. 

92.8217  per  cent. 

14.183 

<t 

13.165 

« 

92.8224 

(4 

10.8645 

41 

10.084 

.c 

92.8160 

<« 

13- 1465 

«4 

12.2045 

«» 

92.8346 

<« 

21.9425 

t4 

20.3695 

•  • 

92.8313 

•  < 

II. 159 

*• 

io.359 

Latest. 

»( 

92.8309 

•  t 

6.6155 

«» 

6. 141 

44 

92.8275 

«• 

14.487 

*< 

13-448 

4» 

92.8280 

•• 

14.626 

4» 

'35775 

*t 

Mean, 

92.8313 

M 

»  92.8271. 

:i=  .001 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Ber- 
zelius, Turner,  and  Stas.    Berzelius,||  whose  experiments 

♦Schweig.  Joum.,  17,  241.     1816. 
f  Ann.  Chim.  Phys..  34,  105.     1827. 
X  Bd.  3,  s.  1218. 
II  Lehrbuch,  5th  Ed..  3,  1187. 
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were  intended  rather  to  fix  the  atomic  weight  of  sulphur, 
dissolved  in  each  estimation  ten  grammes  of  pure  lead  in 
nitric  add,  then  treated  the  resulting  nitrate  with  sulphuric 
acid,  brought  the  sulphate  thus  formed  to  dryness,  and 
weighed.    One  hundr^  parts  of  metal  yield  of  PbS04 ' 

146.380 
146.400 
146.440 
146.458 

Mean,  146.419,  d=  .012 

Turner,*  in  three  similar  experiments,  found  as  follows : 

146.430 
146.398 
146.375 

Mean,  146.401,  db  .oil 

In  these  results  of  Turner's  absolute  weights  are  implied. 

The  results  of  Stas'  syntheses,!  effected  after  the  same 
general  method,  but  with  variations  in  details,  are  as  follows. 
Corrections  for  weighing  in  air  were  applied : 

146.443 
146.427 

146.419 

146.432 
146.421 

146.423 

Mean,  146.4275,  db  .0024 

Combining,  we  get  the  subjoined  result : 

Berzelius 146.419,    rb  .012 

Tamer 146.401,    ±  .011 

Stas 146.4275,  =b  .0024 

General  mean 146.4262,  d=  .0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  sjmtheses 
of  lead  sulphate,  in  which  he  starts  from  the  oxide  instead 

X 

♦PhU.  Trans.,  1833,  527-538. 
f  Aronstein's  Translation,  333. 
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of  from  the  metal.    One  hundred  parts  of  PbO,  upon  con- 
version into  PbSOi,  gained  weight  as  follows : 

35.84 
35.71 
35.84 
35.75 
35.79 
35.7S 
35.92 


Mean,  35.804,  rb  .018 

These  figures  are  not  wholly  reUable.  Numbers  one,  two, 
and  three  represent  lead  oxide  contaminated  with  traces  of 
nitrate.  The  oxide  of  four,  five,  and  six  contained  traces 
of  minium.  Number  seven  was  free  from  these  sources  of 
error,  and,  therefore,  deserves  more  consideration.  The 
series  as  a  whole  undoubtedly  gives  too  low  a  figure ;  and 
this  error  would  tend  to  slightly  raise  the  atomic  weight  of 
lead. 

Still  a  third  series  by  Turner  establishes  the  ratio  between 
the  nitrate  and  the  sulphate ;  a  known  weight  of  the  former 
being  in  each  experiment  converted  into  the  latter.  One 
hundred  parts  of  sulphate  represent  of  nitrate : 

109.312 
109.310 
109.300 


Mean,  109.307,  ±:  .002 

In  all  these  experiments  by  Turner  the  necessary  correc- 
tions were  made  for  weighing  in  air. 

For  the  ratio  between  lead  chloride  and  silver  we  have  a 
series  of  results  by  Marignac  and  one  experiment  by  Dumas. 
There  are  also  unavailable  data  by  Turner  and  by  Ber- 
zelius. 

Marignac,*  applying  the  method  used  in  his  researches 
upon  barium  and  strontium,  and  working  with  lead  chlo- 
ride which  had  been  dried  at  200°,  obtained  these  results. 

*  Journ.  fUr  Prakt.  Chem.,  74,  218.     1858. 
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The  third  column  gives  the  ratio  between  PbCl,  and  100 
parts  of  Ag : 


4.9975  gnn.  P*>C1,  = 

:  3.8810  gnn.  Ag. 

128.768 

4.9980     " 

3.8835    " 

128.698 

5.0000     " 

3.8835    " 

128.750 

5.0000      " 

3.8860 

128.667 

Mean,  128.721,  dz  .016 

DumaSy'*'  in  his  investigations,  found  that  lead  chloride 
retains  traces  of  water  even  at  250^,  and  is  sometimes  also 
contaminated  with  oxychloride.  In  one  estimation  8.700 
grammes  PbCl,  saturated  6.750  of  Ag.  The  chloride  con- 
tained .009  of  impurity;  hence,  correcting,  Ag  :  PbCl,  :  : 
100  :  128.750.  If  we  assign  this  figure  equal  weight  with 
those  of  Marignac,  we  get  as  the  mean  of  all,  128.7266,  ± 
.013.  The  sources  of  error  indicated  by  Dumas,  if  they  are 
really  involved  in  this  mean,  would  tend  slightly  to  raise 
the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  out  by  Stas,t 
gives  excellent  results.  Two  series  of  experiments  were 
made,  with  from  103  to  250  grammes  of  lead  in  each  deter- 
mination. The  metal  was  dissolved  in  nitric  acid,  the  solu- 
tion evaporated  to  dryness  with  extreme  care,  and  the 
nitrate  weighed.  All  weighings  were  reduced  to  the  vacuum 
standard.  In  series  A  the  lead  nitrate  was  dried  in  an  air 
current  at  a  temperature  of  about  155°.  In  series  B  the 
drying  was  effected  in  vacuo.    100  of  lead  yield  of  nitrate : 

A. 

i  59-973 

159975 
159982 

159.975 
159-968 

159-973 


Mean,  159.9743*  ±:  .«>«2 


*  Ann.  Chem.  Pharm.,  113,  35.     i860, 
t  Aronstein's  Translation,  326. 
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B. 


159.970 
159.964 

»59.959 
159.965 

Mean,  159.9645,  ±  .cx)i5 
Mean  from  both  series,  159.9704,  zt  .0010 

There  still  remain  to  be  noticed  two  sets  of  experiments 
upon  lead  nitrate,  which  were  originally  intended  to  estab- 
lish the  atomic  weight  of  nitrogen.  Lead  nitrate  was  care- 
•fuUy  ignited  and  the  residual  oxide  weighed.  The  first 
series,  bearing  Svanberg^s  name,*  gives  simply  the  percent- 
age of  oxide  found,  as  follows : 

67.4030 
67.4036 

67.4043 
67.3956 


Mean,  67.4016,  db  .0014 

The  second  series  is  by  Anderson,t  and  gives  the  weigh- 
ings upon  which  the  percentages  rest.  The  latter  come  out 
thus: 

5.19485  grm.  PbNjO,  gave  3.5017 -grm.  PbO.  67.4071  per  cenL 

9.7244  "  6.5546         "  67.4037       *« 

9.2181  "  6.2134         **  67.4044      *' 

9.6530  •*  6.5057  "  67.3957       •• 


Mean,  67.4027,  =t=  .0016 

It  will  at  once  be  seen  that  these  series  are  identical ;  the 
discordance  between  the  first  figures  of  the  two  being  un- 
doubtedly due  to  some  misprint  in  the  weighings  of  the 
Anderson  set.  How  it  happens  that  the  same  work  has 
been  published  by  two  sejianite  authors  I  will  not  attempt 
to  explain ;  neither  will  I  undertake  to  determine  which  oi 
the  two  is  really  entitle<l  to  credit. 


♦  Joum.  filr  Prakt.  Chcm.,  27,  381.     1849. 
t  Ann.  Chim.  Physi..  13,)  9,  254.     1843. 
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We  have  now  seven  ratios  upon  which  to  base  our  com- 
putations : 

(i.)  Per  cent,  of  Pb  in  PbO,  92.8271,  d=  .0013 

(2.)  Per  cent,  of  PbO  in  PbN,0^,  67.4016,  ±  .0014 

(3.)  Pb  :  PbSO^  : :  ICX) :  146.4262,  d=  .0023 

(4.)  PbO  ;  PbSO^  : :  100  :  135. 804,  ±:  .018 

(5.)  PbSO^  :  PbNjO^  : :  ICX) :  109.307,  ±  .002 

(6.)  Pb  :  PbNjO^  : :  ICX)  :  159.9704,  db  .OOIO 

(7.)  Ag  :  PbCl,  : :  ICO  :  128.7266,  ±  .013 

# 

Discussing  these  separately,  we  get  an  equal  number  of 
values  for  the  atomic  weight  of  lead : 

From  (I) Pb  ^-  206.587,  ±:  .059 

(2) "   =  207.046,  rb  .041 

(3)- "    -  206.435,  =±=  -041 

(4) **    =207.131,^.118 

(5) "  =  204.803,  db  .329 

(6) "  =  206.454,  ±  .037 

(7) "  =  206.473,  ±  -042 


General  mean •*  =  206.604,  ±  -0*9 

If  O  =  16,  this  becomes  Pb  =  207.079. 

In  the  above  discussion  are  included  several  values  which 
diverge  widely  from  this  general  mean,  and  which,  for 
other  reasons,  are  probably  erroneous.  Although  but  one  of 
these  carries  much  weight,  it  is  as  well  to  exclude  them,  and 
to  base  our  computations  upon  the  others.  If,  now,  we 
reject  the  second,  fourth,  and  fifth  values,  we  get  for  the 
itomic  weight  of  lead,  Pb  =  206.471,  ±  .021.  If  0  =  16, 
;his  becomes  Pb  =  206.946. 

From  the  synthesis  of  the  nitrate  Stas  found  206.918,  and 
rem  the  sulphate,  206.934.  The  agreement  of  these  values 
rith  our  own  general  mean  is  certainly  very  close. 


78  THE  ATOMIC  WEIGHTS. 


FLUORINE. 

The  atomic  weight  of  iSuorine  has  been  determined  only 
by  one  general  method,  namely,  by  the  conversion  of  flu- 
orides into  sulphates.  Excluding  the  early  results  of  Davy,* 
we  have  only  to  consider  the  experiments  of  Berzelius, 
Louyet,  Dumas,  and  DeLuca,  with  reference  to  the  fluorides 
of  calcium,  sodium,  potassium,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been 
determined  by  the  four  investigators  above  named,  and  by 
one  general  process.  The  fluoride  is  treated  with  strong 
sulphuric  acid,  the  resulting  sulphate  is  ignited,  and  the 
product  weighed.  In  order  to  ensure  complete  transforma- 
tion special  precautions  are  necessary ;  such,  for  instance,  as 
repeated  treatment  with  sulphuric  acid,  and  so  on.  For 
details  like  these  the  original  papers  must  be  consulted. 

The  first  experiments  in  chronological  order  are  those  of 
Berzelius,t  who  operated  upon  an  artificial  calcium  fluoride. 
He  found,  in  three  experiments,  for  one  part  of  fluoride  the 
following  of  sulphate : 

1.749 
1.750 

1. 751 


Mean,  1.750,  ±  .0004 

Louyet's  researches!  were  much  more  elaborate  than  the 
foregoing.  He  began  with  a  remarkably  concordant  series 
of  results  upon  fluor  spar,  in  which  one  gramme  of  the  flu- 
oride yielded  from  1.734  to  1.737  of  sulphate.  At  first  he 
regarded  these  as  accurate,  but  he  soon  found  that  particles 
of  spar  had  been  coated  with  sulphate,  and  had  therefore 
escaped  action.  In  the  following  series  this  source  of  error 
was  guarded  against. 


♦Phil.  Trans.,  1814,64.  ^J 

t  Poggend.  Anna!.,  8,  i.     1826. 

t  Ann.  Chim.  Phys.,  (3,)  25,  300.     1S49. 
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Starting  with  fluor  spar,  Louyet  found  of  sulphate  as 

follows : 

1.74a 
1.744 

1.745 
1.744 

1.7435 
1.743s 

Mean,  1.7437.  ±  .0003 

A  second  series,  upon  artificial  fluoride,  gave : 

1.743 
1. 741 

1.741 

Mean,  1.7417.  =fc  .«»4 

Dumas*  published  but  one  result  for  calcium  fluoride. 
.495  grm.  gave  .864  grm.  sulphate,  the  ratio  being  1  :  1.7455. 

De  Lucat  worked  with  a  very  pure  fluor  spar,  and  pub- 
lished the  following  results.  The  ratio  between  CaS04  ^^^ 
one  gramme  of  CaF,  is  given  in  the  third  column : 

.9305  grm.  CaF,  gave  1.630  grm.  CaSO^.         i>75i8 

.836       "      1.459    "  1.7452 

.502       "       .8755    «  1.7440 

.3985      "       .6945    "  1.7428 

If  we  include  Dumas'  single  result  with  these,  we  get  a 
mean  of  1.7459,  ±  .0011. 

Upon  combining  all  these  series,  we  get  as  follows : 

Berzelios 1.7500,  db  .0004 

Louyet,  1st  series i.7437»  ±.0003 

"       2d     "     1. 741 7,  ±  .0004 

De  Lnca  and  Damas x.7459>  d=  .0011 

General  mean i.74493»  dr  .0002 

For  the  ratio  between  the  two  sodium  salts  we  have  ex- 
periments by  Dumas  and  by  Louyet.J  According  to  Louyet 
one  granmie  of  NaF  gives  of  Na2S04 : 

*Ann.  Chem.  Pharm.,  113,  28.     i860, 
t  Compt.  Rend.  ,51,  299.     1 860. 
t  See  the  papers  already  quoted. 
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1.686 
1.683 
1.685 


Mean,  1.6847,  db  .0006 

The  weighings  published  by  Dumas  are  as  follows 

•777  gnn.  NaF  give  1.312  grm.  Na^^.      Ratio,  1.689 
1.737  "  2.930  «  "      1.687 


Mean,  1.688,  dz  .0007 

The  general  mean  of  both  series  is  1.6863,  it  .0004. 

Dumas  also  gives  experiments  upon  potassium  fluoride. 
The  quantity  of  sulphate  formed  from  one  gramme  of  flu- 
oride is  given  in  the  last  column : 

1.483  grm.  KFgive  2.225  grm.  K^SO^.  1.5002 

1.309  "  1.961  **  1-4981 


Mean,  1.4991*  db  .0007 


The  ratios  for  the  fluorides  of  lead  and  of  barium  are  due 
entirely  to  Louyet.    One  gramme  BaF,  gave  of  BsSOa: 

^'33^ 

"•330 

Mean.  1.331.  ^  .0004 

With  the  lead  fluoride  a  new  method  of  treatment  was 
adopted.  The  salt  was  fiised,  powdered,  dissolved  in  nitric 
acid,  and  precipitated  by  dilute  sulphuric  acid.  The  evap- 
oration of  the  fluid  and  the  ignition  of  the  sulphate  was 
then  effected  without  transfer.  Five  granmies  of  fluoride 
were  taken  in  each  operation,  yielding  of  sulphate : 

6.179 
6.17S 
6.1 78 


Mean.  6.17S3.  :^  .0008 

We  now  have  five  ratios  to  calculate 
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(I.)  CaF,  :  CaSO^  : :  l.o  :  1.74493,  db  .0002 

(2.)  NaF  :  Na^SO^  : :  1.0  :  1.6863,  d=  .0004 

(3.)  KF  :  KjSO^  : :  1.0  :  I.4991,  db  .0007 

(4.)  BaF,  :  BaSO^  : ;  l.o  :  1.3310,  4^  .0004 

(5.)  PbF,  :  PbSO^  : :  5.0  :  6.1783,  d=  .0002  ' 

From  these  we  get  five  values  for  F : 

From  (i) F  =  18.926,  rfc  .009 

"    (a) "  =  19.050,  lb  .014 

««     (3) "  =  18.975.  db  .032 

••     (4) "  =  i8.993»  ±  .033 

"       (5) "  =r  19.092,  i  .016 


General  mean "  =  18.984,  db  .0065 

If  0  =  16,  this  becomes  19.027. 

Before  leaving  the  subject  of  fluorine  we  must  notice  two 
possible  sources  of  error  beyond  the  always  to  be  considered 
one  of  impurities  in  the  materials  employed.  First,  an  in- 
complete conversion  of  a  fluoride  into  a  sulphate  would  lead 
to  results  tending  to  raise  the  atomic  weight  of  fluorine. 
On  the  other  hand,  the  value  for  fluorine  which  has  most 
weight  is  that  derived  from  calcium  fluoride.  But  it  was 
shown  under  calcium  that  the  atomic  weight  determined  for 
that  metal  was  probably  a  trifle  too  high.  This  error,  intro- 
duced into  our  fluorine  calculations,  tends  to  lower  our  final 
results.  These  two  errors,  then,  if  they  really  exist,  will,  in 
part  at  least,  compensate  each  other. 
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PHOSPHORUS. 

The  material  from  which  we  are  to  calculate  the  atomic 
weight  of  phosphorus  is  by  no  means  abundant.  Berzelius, 
in  his  Lehrbuch,*  adduces  only  his  own  experiments  upon 
the  precipitation  of  gold  by  phosphorus,  and  ignores  all  the 
earlier  work  relating  to  the  composition  of  the  phosphates. 
These  experiments  we  will  consider  with  reference  to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride 
with  a  standard  solution  of  silver,  obtained  a  wholly  erro- 
neous result ;  and  Jacquelain,t  in  his  -similar  experiments, 
did  even  worse.  Schrotter's  criticism  upon  Jacquelain  suf- 
ficiently disposes  of  the  latter.|| 

There  are,  in  short,  but  two  investigations  upon  the 
atomic  weight  of  phosphorus  which  have  any  value  for 
present  purposes,  namely,  the  researches  of  Schrotter  and  of 
Dumas.  These  chemists  worked  with  different  materials 
and  bv  different  methods,  and  vet  obtained  beautifullv  con- 
cordant  results. 

Schrotter?  burned  pure  amorphous  phosphorus  in  dry 

oxygen,  and  weighed  the  pentoxide  thus  formed.      One 

gramme  of  P  yielded  P^Oj  in  the  following  proportions  : 

3.28909 
2.28783 
2.29500 
2.2S831 
2.290^ 
2.2S788 
2.2SS48 
2.28S56 
2.28959 
2.2SS72 

Mean.  2.2891S6.  rr  .00033 

Henoe  P  =  30.9oi>2.  ir  .(k;)74. 


♦Nth  Ed..  iiSS. 

+  ComiM.  Rend.,  20,  1047. 

♦  Conipi.  Rend.,  33.  693.  J 

1  Journ.  fiir  Prakt.  Chem.,  57.  315.  ' 

{  Joum.  filr  Prakt.  Chcm.,  53.  435.     1S51. 
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Dumas*  prepared  pure  phosphorus  trichloride  by  the 
action  of  dry  chlorine  upon  red  phosphorus.  The  portion 
used  in  his  experiments  boiled  between  76°  and  78°.  This 
was  titrated  with  a  standard  solution  of  silver  in  the  usual 
manner.  Dumas  publishes  weights,  from  which  I  calculate 
the  figures  given  in  the  third  column,  representing  the 
quantity  of  trichloride  proportional  to  100  parts  of  silver  : 

1.787  gnn.  PCI,  =  4.208  grm.  Ag.  42.4667 

1.466  "  3.454        "  42.4435 

2.056  "  4.844        "  42.4443 

2.925  "  6.890        "  42.4528 

3.220  "  7.582        "  42.4690 

Mean,  424553.  =*=  •<»36 

Hence  P  =  31.0314,  ±  .0467. 

Now,  combining  these  two  values,  we  have : 

By  Schrftttcr P  =  30.9562,  =fc  .0074 

By  Dumas , "  =  31.0314,  ±  .0467 

General  mean "  =  30.9580,  rfc  .0073 

If  0  =  16,  this  becomes  31.0292. 

The  fact  here  noticeable,  that  Dumas'  figures  give  a  value 
for  P  slightly  higher  than  that  deduced  from  those  of 
Schrotter,  may  be  accounted  for  upon  the  supposition  that 
the  pfiosphorus  trichloride  conftained  traces  of  oxychloride. 
Such  an  impurity  would  tend  to  raise  the  apparent  atomic 
weight  of  phosphorus,  and  its  occurrence  is  by  no  means 
improbable. 

*  Ann.  Chem.  Pharm.,  113,  29.     i860. 
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BORON. 

The  atomic  weight  of  this  element  has  been  determined 
by  Berzelius  and  by  Laurent,  and  calculated  by  Dumas 
from  some  experiments  by  Deville. 

Berzelius'*'  based  his  determination  upon  three  concordant 
estimations  of  the  percentage  of  water  in  borax.  Laurentf 
made  use  of  two  similar  estimations,  and  all  five  may  be 
properly  put  in  one  series,  thus :  s 


-  Berzelius. 


.47.10 
47.10 
47.10 

^''^  I  Laurent 
47.20  J 


Mean,  47.13,  db  .013 

Hence  B  =  10.943,  ±  .023. 

Dumas*t  calculations  were  based  on  Deville's  analyses  of 
the  chloride  and  bromide  of  boron,  which  give  the  ratios 
between  AgCl  and  BClj,  and  between  AgBr  and  BBr,.  Re- 
ducing the  weighings  to  a  common  standard,  100  parts  of 
silver  chloride  correspond  to  the  quantities  of  boron  tri- 
chloride given  in  the  third  column : 

.6763  grm.  BCI3  =  2.447  gnn.  AgCl.  27.303 

.923  "  3.395  "  *         27.187 


Mean,  27.245,  ±  .0^9 

Hence  B  =  10.808,  ±  .174. 

With  the  bromide,  2.446  BBrj  gave  5.496  AgBr.  If  we 
assign  this  experiment  equal  weight  with  one  in  the  chlo- 
ride serie^,  and  include  the  probable  error  of  Br,  B  = 
10.964,  :t  .364. 

The  three  values  combine  as  follows : 


*  Poggend.  Annal.,  8,  I.     1826. 

f  Joum.  fttr  Prakt.  Chem.,  47,  415.     1849. 

{Ann.  Chem.  Pharm.,  113,  31.     i860. 
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From  borax B  =  10.943,  rb  .023 

From  BCl, "  =  10.808,  ±  .174 

From  BBr, "  =  10.964,  ±  .364 

General  mean "  =  10.941,  zt  .023 

If  0  =  16,  B  =  10.966. 

Further  investigation  of  the  atomic  weight  of  boron  is 
evidently  desirable. 


SILICON. 


Although  Berzelius'*'  attempted  to  ascertain  the  atomic 
weight  of  silicon,  first  by  converting  pure  Si  into  SiOj,  and 
later  from  the  analysis  of  BaSiF^,  his  results  were  not  satis- 
factory. We  need  only  consider  the  estimations  of  Pelouze, 
Schiel,  and  Dumas. 

Pelouze,t  experimenting  upon  silicon  tetrachloride,  em- 
ployed his  usual  method  of  titration  with  a  solution  con- 
taining a  known  weight  of  silver.  One  hundred  parts  of 
Ag  gave  the  following  equivalencies  of  SiCl^ : 

39-4325 
394570 


Mean,  39.4447»  ±  .0083 

Hence  Si  =  28.408. 

Essentially  the  same  method  was  adopted  by  Dumas.t 
Pure  SiCl4  was  weighed  in  a  sealed  glass  bulb,  then  decom- 
posed by  water,  and  titrated.  The  results  for  100  Ag  are 
given  in  the  third  column : 

2.899  gnn.  Sia4=  7-3558  gnn.  Ag.  39-41 « 

1.242  "  3.154  "  39-379 

3.««  "  8.1875        •«  39.340      • 

Meaii,  39.377,  ±i  .014 

Hence  Si  =  28.117. 

*  I^hrbuch,  5  Aufl.,  3,  1200. 

fCompt.  Rend.,  20,  1047.     1845. 

J  Ann.  Chem.  Pharm.,  113,  31.     i860. 


86  THE   ATOMIC   WEIGHTS. 

Dumas  and  Pelouze'a  series  combine  as  follows : 

Pclouze 39-4447»  i  -0083 

Dumas 39-377»    ±.014 

General  mean 39.4265,  db  .0071 

Hence  SiCl^  =  169.810,  ±  .034. 

Schiel,*  also  studying  the  chloride  of  silicon,  decomposed 
it  by  ammonia.  After  warming  and  long  standing  it  was 
filtered,  and  in  the  filtrate  the  chlorine  was  estimated  as 
AgCl.  One  hundred  parts  of  AgCl  correspond  to  the  <][uan- 
tities  of  SiCl4  given  in  the  last  column : 

.6738  grm.  SiCl^  gave  2.277  grm.  AgCl.  29.592 

1.3092  "  4.418  "  29.633 

Mean,  29.6125,  db  .0138 

Hence  SiCl^  =  169.437,  ±  .08p,  and  Si  =  27.957. 
Combining  the  values  for  SiCl4  we  have  this  result  : 

Pelouze  and  Dumas SiCl^  =:  169.810,  db  '034 

Schiel "     ==  169.437,  rh  .080 

General  mean "     =  169.675,  dz  .031 

Hence  Si  =  28.195,  ±  .066 ;  or,  if  0  =  16,  Si  =  28.260. 

It  will  be  observed  that  all  of  these  determinations  rest 
upon  the  composition  of  SiCl^,  a  compound  for  which  it 
would  not  be  easy  to  guarantee  absolute  purity.  All  the 
errors  likely  to  occur  in  the  determination  of  the  atomic 
weight  would  be  plus  errors,  so  that  the  value  deduced 
above  is  almost  certainly  too  high. 

*  Ann.  Chem.  Pharm.,  120,  94. 
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LITHIUM. 

The  earlier  determinations  of  the  atomic  weight  of  lithium 
by  Arfvedson,  Stromeyer,  C.  G.  Gmelin,  and  Kralovanzky 
were  all  erroneous,  because  of  the  presence  of  sodium  com- 
pounds in  the  material  employed.  The  results  of  Berzelius, 
Hagen,  and  Hermann  were  also  incorrect,  and  need  no 
further  notice  here.  The  only  investigations  which  we  need 
to  consider  are  those  of  Mallet,  Diehl,  Troost,  and  Stas. 

Mallet's  experiments*  were  conducted  upon  lithium  chlo- 
ride, which  had  been  purified  as  completely  as  possible.  In 
two  trials  the  chloride  was  precipitated  by  nitrate  of  silver, 
which  was  collected  upon  a  filter  and  estimated  in  the  ordi- 
nary way.  The  figures  in  the  third  column  represent  the 
LiCl  proportional  to  100  parts  of  AgCl : 

7.1885  gnn.  LiO  gave  24.3086  grm.  AgCI.  29.606 

8-5947  "  29.0621  "  29.574 

In  a  third  experiment  the  LiCl  was  titrated  with  a  standard 
solution  of  silver.  3.9942  grm.  LiCl  balanced  10.1702  grm. 
Ag,  equivalent  to  13.511  grm.  AgCl.  Hence*  100  AgCl  = 
29.563  Lia.  Mean  of  all  three  experiments,  29.581,  ±  .0087. 
Diehl,t  whose  paper  begins  with  a  good  resum6  of  all  the 
earlier  determinations,  describes  experiments  made  with 
lithium  carbonate.  This  salt,  which  was  spectroscopically 
pure,  was  dried  at  130°  before  weighing.  It  was  then 
placed  in  an  apparatus  from  which  the  carbon  dioxide  gen- 
erated by  the  action  of  pure  sulphuric  acid  upon  it  could 
be  expelled,  and  the  loss  of  weight  determined.  From  this 
loss  the  following  percentages  of  CO,  in  LijCOj  were  deter- 
mined: 

59.422 

59.404 

59.440 

59401 


Mean,  59.417,  4=  .006 


*  SilUman's  Amcr.  Journal,  November,  1856.     Chem.  Gazette,  15,  7. 
f  Ann.  Chem.  Pharm.,  121,  93. 
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Diehl's  investigation  was  quickly  followed  by  a  confirma- 
tion from  Troost.*  This  chemist,  in  an  earlier  paper,t  had 
sought  to  fix  the  atomic  weight  of  lithium  by  an  anah'sis 
of  the  sulphate,  and  had  found  a  value  not  far  from  6.5 ; 
thus  confirming  the  results  of  Berzelius  and  of  Hagen,  who 
had  employed  the  same  method.  But  Diehl  showed  that 
the  BaSOi  precipitated  from  ^5804  always  retained  traces 
of  Li,  which  were  recognizable  by  spectral  anah'sis,  and 
which  accounted  for  the  error.  In  the  later  paper  Troost 
made  use  of  the  chloride  and  the  carbonate  of  lithium,  both 
spectroscopically  pure.  The  carbonate  was  strongly  ignited 
with  pure  quartz  powder,  thus  losing  carbon  dioxide,  which 
loss  was  easily  estimated.  The  subjoined  results  were  ob- 
tained : 

.970  grm.  LijCOj  lost    .577  grm.  CO,.  59*485  pcr  cent. 

1.782  "  1.059         ««  59-427       " 


Mean,  59.456,  db  -020 

This  combined  with  Diehl's  mean,  59.417,  ±,  .006,  gives  a 
general  mean  of  59.420,  ±:  .0057. 

The  lithium  chloride  employed  by  Troost  was  heat^l  in 
a  stream  of  dry  hydrochloric  acid  gas ;  of  which  the  excess, 
after  cooling,  was  expelled  by  a  current  of  dry  air.  The 
salt  was  weighed  in  the  same  tube  in  which  the  foregoing 
operations  had  been  performed,  and  the  chlorine  was  then 
estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
and  100  parts  of  AgCl  is  given  in  the  third  column  : 

1.309  grm.  LiCl  gave  4.420  grm.  AgCl.  29.615 

2.750  "  9- 300  "  29.570 


Mean,  29.5925,  d:    0145 

This  combined  with  Mallet's  mean,  29.581,  d=  .0087,  gives 
a  general  mean  of  59.584,  ±  .0075. 

Finally,  we  come  to  the  work  of  Stas,t  which  was 

^  Zeit.  Anal.  Chem.,  i,  402. 

t  Annales  d.  Chim.  et  d.  Phys.,  51,  108. 

J  Aronstein's  Translation,  279-302. 
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cuted  with  his  usual  wonderful  accuracy.  In  three  titra- 
tions, in  which  all  the  weights  were  reduced  to  a  vacuum 
standard,  the  following  quantities  of  LiCl  balanced  100 
parts  of  pure  silver : 

39356 

39-357 
39-361 

Mean,  39.358,  db  .001 

In  a  second  series  of  experiments,  intended  for  determin- 
ing the  atomic  weight  of  nitrogen,  LiCl  was  converted  into 
LiNO,.  The  method  was  that  employed  for  a  similar  pur- 
pose with  the  chlorides  of  sodium  and  of  potassium.  One 
hundred  parts  of  LiCl  gave  of  LiNG, : 

162.588 
162.600 
162.598 

Mean,  162.5953,  dr  .0025 

We  have  now  the  following  ratios  from  which  to  deduce 
the  atomic  weight  of  lithium : 

(l.)  AgCI  :  LiCl  : :  100  :  29.584,  db  .0075 
(2.)  Ag  :  LiCl  : :  100  :  39.358,  zt  .OOI 
(3.)  LiCl  :  LiNO,  : :  100  :  162.5953,  rfc  .0025 
(4. )  Per  cent,  of  CO,  in  Li,CO,,  59.420,  ±  .0057 

Hence  two  values  for  the  molecular  weight  of  LiCl : 

From  (i) LiCl  =  42.3187,  db  .0039 

From  (2) "     =42.3787,^1.0111 

General  mean "     r=  42.3720,  rfc  .0037 

For  lithium  itself  we  get  three  values : 

From  molecular  weight  of  LiCl Li  =  7.002,    db  •015 

From  ratio  (3) "  =  7.0287,  dt  .042 

From  ratio  (4) "  =  7.0085,  dr  .008 

General  mean "  =  7.0073,  db  .007 

If  0  =  16,  then  Li  =  7.0235.    Stas  himself  gives  7.022 
his  determination.    Difference,  .0015. 
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RUBIDIUM. 

The  atomic  weight  of  rubidium  has  been  determined  by 
Bunsen,  Piccard,  and  Godeffroy ;  but  only  from  analyses  of 
the  chloride. 

Bunsen,*  employing  ordinary  gravimetric  methods,  esti- 
mated the  ratio  between  AgCl  and  RbCl.  His  rubidium 
chloride  was  purified  by  fractional  crystallization  of  the 
chloroplatinate.  He  obtained  the  following  results,  to  which, 
in  a  third  column,  I  add  the  ratio  between  RbCl  and  100 
parts  of  AgCl : 


One  grm.  RbCl  gave  1.1873  gnn.  AgCl. 

84.225 

1. 1873          " 

84.225 

1.1850          " 

84.388 

"                 1. 1880          " 

84.17s 

Mean,  84.253,  d=  .031 

The  work  of  Piccardf  was  similar  to  thatW  Bunsen.  In 
weighing,  the  crucible  containing  the  silver  chloride  was 
balanced  by  a  precisely  similar  crucible,  in  order  to  avoid 
the  correction  for  displacement  of  air.  The  filter  was 
burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
amount  of  material  adhering  to  the  ash  was  reckoned  as 
metallic  silver.  The  rubidium  chloride  was  purified  by 
Bunsen^s  method.  The  results,  expressed  according  to  the 
foregoing  standard,  are  as  follows  : 

1. 1587  grm.  RbCl  =  1.372  AgCl  -f  .0019  Ag.  84.300 

1.4055  "  1.6632     "         .0030  **  84.303 

1. 001  *♦  1. 1850     •*         .0024   "  84.245 

1.5141  "  1.7934     *•         .oo'8   "  84.313 

Mean,  84.290,  db  .0105 

Godeffroy,!  starting  with  material  containing  both  ru- 
bidium and  cffisium,  separated  the  two  metals  by  fractional 

*Zeit.  Anal.  Chem.,  i,  136.     Poggend.  Annal.,  113,339.     1861. 

t  Joum.  nir  Prakt.  Chem.,  86,  454.    1862.     Zeit.  Anal.  Chem.,  i,  518. 

{Ann.  Chem.  Pharm.,  181,  185.     1876. 
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crystallization  of  their  alums,  and  obtained  salts  of  each 
spectroscopically  pure.  The  nitric  acid  employed  was  tested 
for  chlorine  and  found  to  be  free  from  that  impurity,  and 
the  weights  used  were  especially  verified.  In  two  of  his 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary 
process  of  filtration.  In  the  other  two  it  was  washed  by 
decantation,  dried,  and  weighed  in  a  glass  dish.  The  usual 
ratio  is  appended  in  the  third  column  : 

1.4055  gnn.  RbCl  gave  1.6665  grm.  AgCl.  84.338 

1.8096  ••  2.1461  "  84.320 

2.2473  "  2.665  **  84.326 

2.273  "  2.6946  "  84.354 


Mean,  84.3345,  dr  .0051 

Combining  the  three  series,  we  get  the  following  result : 

Bunsen 84.253,    ±.031  Rb  =  85.150 

Piccard 84.290,    ±.0105         "   =85.203 

Godeffroy  — 84.3345,  db  .0051  "   =85.263 

General  mean 84.324,    4=  '0045 

Hence  Rb  =  85.251,  db  .018.    If  0  =  16,  Rb  =  85.529. 


CiESIUM. 

The  atomic  weight  of  caesium,  like  that  of  rubidium,  has 
been  determined  from  the  analysis  of  the  chloride.  The 
earliest  determination,  by  Bunsen,"*"  was  incorrect,  because 
of  impurity  in  the  material  employed. 

In  1863  Johnson  and  Allen  published  their  results.f 
Their  material  was  extracted  from  the  lepidolite  of  Hebron, 
Maine,  and  the  caesium  was  separated  from  the  rubidium  as 
bitartrate.  From  the  pure  caesium  bitartrate  caesium  chlo- 
ride was  prepared,  and  in  this  the  chlorine  was  estimated  as 

*  Zeit.  Anal.  Chem.,  i,  137. 

f  Amer.  Journ.  Sci.  and  Arts,  (2,)  35.  94. 
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silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  preced- 
ing chapters,  we  have,  in  a  third  column,  the  quantities  of 
CsCl  equivalent  to  100  parts  of  AgCl : 

1. 8371  gnn.  CsCl  gave  1.5634  grm.  AgQ.  117.507 

2.129S  "  1.8111  "  117.580 

2.7018  "  2.2992         •*  117*511 

1. 56165  "  1.3302         •«  117-399 


Mean,  117.499,  db  .025 

Shortly  after  the  results  of  Johnson  and  Allen  appeared 
a  new  series  of  estimations  was  published  by  Bunsen.*  His 
casium  chloride  was  purified  by  repeated  crj'stallizations  of 
the  chloroplatinate,  and  the  ordinary  gravimetric  process 
was  employed.  The  following  results  represent,  respectively, 
material  thrice,  four  times,  and  five  times  purified  : 

1.3835  grm.  CsCl  gavp  1.1781  gnn.  AgCl.     Ratio,  117.435 
1.3682  •*  1. 1644         "  I '7*503 

1.2478  "  1.0623  '•  117.462 


Mean,  117.467.  ±  .013 

Godeffroy's  workt  was,  in  its  details  of  manipulation,  suf- 
ficiently described  under  rubidium.  In  three  of  the  experi- 
ments upon  caesium  the  silver  chloride  was  washed  by 
decantation,  and  in  one  it  was  collected  upon  a  filter.  The 
results  are  subjoined : 

1.5825  grm.  CsCl  gave  1.351    gnn.  AgCl.  Ratio,  117. 135 

1.3487             "              1.1501          *•  117.265 

1. 1880             ♦*              1.0141          •*  117. 148 

1.2309             **              1. 051            •♦  1 17. 107 


Mean,  117.164,  :4^  .023 

We  may  now  combine  the  three  series  to  form  a  general 
mean: 


*  Poggend.  Annal.,  119,  i.  1863. 

t  Ann.  Chem.  Pharm.,  181,  185.  1876. 
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Johnson  and  Allen 117.499,  i  '^^S        ^  =  132.706 

Bansen . 117.467,^.013         "  =132.661 

Godefiroy 117.164,  db  .023         *'  =  132.227 

General  mean 1 17.413,  db  .010 

Hence  Cs  =  132.583,  ±  .024 ;  or,  if  0  =  16,  Cs  =  132.918. 


THALLIUM. 


The  atomic  weight  of  this  interesting  metal  has  been 
fixed  by  the  researclies  of  Lamy,  Werther,  Hebberling,  and 
Crookes.  Lamy  and  Hebberling  investigated  the  chloride 
and  sulphate ;  Werther  studied  the  iodide ;  Crooke's  experi- 
ments involved  the  synthesis  of  the  nitrate.  The  last  men- 
tioned work  was  so  thorough  and  admirable  that  the  other 
researches  are  included  here  only  for  the  sake  of  historical 
completeness. 

Lamy*  gives  the  results  of  one  analysis  of  thallium 
sulphate  and  three  of  thallium  chloride.  3.423  grammes 
T1,S04  gave  1.578  grm.  BaS04 ;  whence  100  parts  of  the 
latter  are  equivalent  to  216.920  of  the  former.  In  the  thal- 
lium chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I 
give  the  amount  of  TlCl  proportional  to  100  parts  of  AgCl: 

3.912  grm.  TlCl  gave  2.346    grm.  AgCl.  166.752 

3.000  •«  1. 8015  «*  166.528 

3.912  •*  2.336  "  167.466 


Mean,  166.915,  rfc  .1905 

Hebberling'sf  work  resembles  that  of  Lamy.    Reducing 
his  weighings  to  the  standards  adopted  above,  we  have  from 
his  sulphate  series,  as  equivalent  to  100  parts  of  BaS04,  the 
amounts  of  T1,S04  given  in  the  third  column: 

*  Zeit.  Anal.  Chem.,  2,  21 1.     1863. 
t  Ann.  Chem.  Pharm.,  134,  II.     1865. 
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1.4195  grm.  Tl^SO^gave  .6554  grm.  BaSO^.  217.248 

1. 1924  '*  .5507  "  216.524 

.8560  "  .3957  "  216.325 

Mean,  216.699 

Including  Lamy's  single  result,  as  of  equal  weight,  we  get 
a  mean  of  216.754.  ±  .1387. 

From  the  chloride  series  we  have  these  results,  with  the 
ratio  stated  as  usual : 

.2984  grm.  TlCl  gave  .1791  grm.  AgO.      166.61 1 
.5452      -      -3278    "  166.321 

Mean,  166.465,  ±z  .097 

Lamy's  mean  was  166.915,  d=  .1905.  Both  means  com- 
bined give  a  general  mean  of  166.555,  ±:  .0865. 

Werther's*  determinations  of  iodine  in  thallium  iodide 
were  made  bv  two  methods.  In  the  first  series  Til  was  de- 
composed  by  zinc  and  potassium  hydroxide,  and  in  the 
filtrate  the  iodine  was  estimated  as  Agl.  One  hundred 
parts  of  Agl  correspond  to  the  amounts  of  Til  given  in  the 
last  column : 

.720  grm.  Til  gave     .51  gnn.  Agl.  141. 176 

140.761 

I4I.3S4 

141.026 

•*  140.71 1 


2.072 

»< 

1.472 

.960 

.. 

.679 

.3S5 

«* 

•273 

I.06S 

•• 

■759 

Mean,  141. 01 2,  dr  .085 

In  the  second  series  the  thallium  iodide  was  decomposed 
by  ammonia  in  presence  of  silver  nitrate,  and  the  resulting 
Agl  wa5  weighed.     Expressed  according  to  the  foregoing 

standanl  the  result^;  are  as  follows : 

1.575  grm.  Til  gave     .07S  -rm.  Agl.       Ratio.  140.593 
1.540  '•  i.c«5         ••  140.639 

i.;So  "  .oSi  "  14a  673 


Mean.  140.635,  ^  X>l6 

General  mean  of  IxMh  si-ries,  14t».64S.  =  -Old. 

*  Iv-^ura.  icr  Prik:.  Cb«xi..  02,  12S.     1864. 
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From  the  foregoing  results  three  values  for  the  atomic 
weight  of  thallium  are  calculable : 

From  the  sulphate Tl  =  204.169,  db  .166 

From  the  chloride "  =  203.879,  zt  .126 

From  the  iodide "  =  203.886,  dz  .054 

In  1873  Crookes,*  the  discoverer  of  thallium,  published 
his  final  determination  of  its  atomic  weight.  His  method 
was  to  effect  the  synthesis  of  thallium  nitrate  from  weighed 
quantities  from  absolutely  pure  thallium.  No  precaution 
necessary  to  ensure  purity  of  materials  was  neglected ;  the 
balances  were  constructed  especially  for  the  research ;  the 
weights  were  accurately  tested  and  all  their  errors  ascer- 
tained ;  weighings  were  made  partly  in  air  and  partly  in 
vacuo,  but  all  were  reduced  to  absolute  standards ;  and  un- 
usually large  quantities  of  thallium  were  employed  in  each 
experiment  In  short,  no  effort  was  spared  to  attain  as 
nearly  as  possible  absolute  precision  of  results.  The  details 
of  the  investigation  are  too  voluminous,  however,  to  be  cited 
here ;  the  reader  who  wishes  to  become  familiar  with  them 
must  consult  the  original  memoir.  Suffice  it  to  say  that  the 
research  is  a  model  which  other  chemists  will  do  well  to 
copy. 

The  results  of  ten  experiments  by  Professor  Crookes  may 
be  stated  as  follows.  In  a  final  column  we  may  state  the 
quantity  of  nitrate  producible  from  100  parts  of  thallium. 
The  weights  given  are  in  grains : 

TTkalUum,  TINO^  +  Glass.  Glass  VesseL  Ratio, 

497.972995  1121.851852  472.557319  130-3875 

293193507  1111.387014  729.082713  130.3930 

288.562777  971.214142  594.949719  130.3926 

324.963740  1 142.569408  718.849078  130.3900 

183.790232  1005.779897  766.133831  130.39" 

190.842532  997.334615  748.49»27i  130.3920 

»95.544324  1022. 176679  767.203451  I30.39»5 

201.816345  1013.480135  750.332401  130.3897 

295.683523  1 153.947672  768:403621  130.3908 

299.203036  1 159.870052  769.734201  130.3917 

Mean,  130.3910,  rfc  .00034 
«  Fliiloiopliicai  Transactions,  1873,  p.  277. 
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Hence,  using  the  atomic  weights  and  probable  errors 
previously  found  for  N  and  O,  Tl  =  203.715,  ±  .0385.  If 
O  =  16,  Tl*  =  204.183. 

Crookes  himself,  using  61.889  as  the  molecular  weight  of 
the  group  NO,,  gets  the  value  Tl  =  203.642;  the  lowest 
value  in  the  series  being  203.628,  and  the  highest  203.666 ; 
an  extreme  variation  of  0.038.  This  is  extraordinary  ac- 
curacy for  so  high  an  atomic  weight,  at  least  as  far  as 
Crookes'  work  is  concerned.  But  its  value  depends  in  reality 
upon  the  accuracy  of  other  chemists  in  fixing  the  atomic 
weights  of  N  and  O ;  a  slight  variation  in  either  of  the 
latter  constants  producing  a  large  variation  here.  What 
Crookes  really  has  done  has  been  to  fix  with  almost  abso- 
lute certainty  the  ratio  between  Tl  and  NOj.  If  the  latter 
group  should  have  the  molecular  weight  62,  in  accordance 
with  Front's  hypothesis,  then  Tl  =  204.008.  In  other 
words,  the  ratio  thus  fixed  by  Crookes  is  almost  exactly 
represented  by  two  whole  numbers,  and  supports  Front's 
hypothesis  in  a  very  decided  way.  Crookes  himself  seems 
to  have  overlooked  this  fact,  for  he  regards  his  results  as 
militating  against  the  hypothesis  in  question. 


GLUCINUM. 


The  atomic  weight  of  glucinum  is  at  present  much  in 
doubt ;  our  knowledge  of  it  depending  upon  the  unsettled 
question  whether  the  oxide  is  GIO  or  GljOj.  The  formula 
GIO  agrees  with  MendelejefF's  law,  and  is  advocated  by 
Reynolds,*  Lothar  Meyer,t  and  Brauner.t  The  symbol 
GlgOjijOn  the  other  hand,  is  favored  by  Nilson  and  Fetters- 
son,||  and  by  Humpidge.§    Humpidge,  Meyer,  and  Brauner 

*  Phil.  Mag.,  (5,)  3,  38.     1877.     Chem.  News,  42,  273.     1880. 

t  Ber.  der  Deutsch.  Chem.  Gesell.,  13,  1780.     1880.     Also,  1 1.  576.     1879. 

X  Phil,  Mag.,  (5,)  II.     Jan.,  1881. 

II  Berichte,  ii,  381  and  906.     1879.     Also,  13,  2035.     *8^- 

{Chem.  News,  42,  261.     1880. 
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oiler  oaly  theoretical  discussions  .of  the  subject ;  Reynolds 
and  Nilson  and  Pettersson  have  determined  the  specific 
heat  of  the  metal,  but  give  opposed  results.  In  the  follow- 
ing calculations  the  simpler  formula  will  be  assumed,  not  as 
a  finality,  but  because  of  its  accordance  with  the  system  of 
Mondelejeff. 

The  data  from  which  we  are  to  calculate  the  atomic 
weight  of  glucinum  have  been  determined  by  Awdejew, 
Weeren,  Klatzo,  Debray,  aud  Nilson  and  Pettersson.  Ber- 
zelius'*  single  experiment  on  the  sulphate  may  be  left  out 
of  account. 

Awdejew.t  whose  determination  was  the  earliest  of  any 
value,  analyzed  the  sulphate.  The  sulphuric  acid  was 
thrown  down  as  barium  sulphate ;  and  in  the  filtrate,  from 
which  the  excess  of  barium  had  been  first  removed,  the 
glucina  was  precipitated  by  ammonia.  The  figures  wliich 
Awdejew  publishes  represent  the  ratio  between  S0»  and 
GIO,  but  not  absolute  weights.  As,  however,  his  calcula- 
tions were  made  with  SOj  =  601.165,  and  Ba  probably  = 
855.29,  we  may  add  a  third  column  showing  bow  much 
BaSO,  ia  proportional  to  100  parts  of  GIO : 


so,. 

GW. 

/^afio. 

44S7 

1406 

921.24a 

453' 

14Z0 

927-J04 

7816 

2480 

9IS-90J 

28S0 

4065 

920.S14 

Mean,  921.316,  i  1.577 

The  same  method  was  followed  by  Weeren  and  by  Klatzo, 
except  that  Weeren  used  ammonium  sulphide  instead  of 
ammonia  for  the  precipitation  of  the  glucina.  WeerenJ 
gives  the  following  weights  of  GIO  and  BaSO,.  The  ratio 
in  given  in  a  third  column,  just  as  with  the  figures  by 
Awdgew : 
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GIO,  BaSO^,  Ratio, 

.3163  grm.  2.9332  grm.  927.031 

.2872    "  2.6377    "  918.419 

.2954    «  2.7342    "  925- 592 

.5284    "  4*8823    "  902.946 

Mean,  918.497,  db  3-624 

Klatzo's"^  figures  are  as  follows^  with  the  third  column 
added  by  the  writer : 

GIO,  BaSO^,  Ratio. 

.2339  grm.  2.1520  grm.  920.052 

.1910  "  I -7556  "  919.162 

.2673  "  2.4872  "  930.490 

•3585  "         Z'Ziis  "         923.710 

.2800    "  2.5842    "  922.989 

Mean,  923.281,  db  1*346 

Combining  these  series  into  a  general  mean,  we  get  the 
subjoined  result : 

Awdejew 921.316,  db  1.577 

Weeren 918.497,  dr  3.624 

Klatzo 923.281,  db  1.346 

General  mean 922.164,  ±  0.985 

Hence  GIO  =  25.224,  ±:  .269. 

Debrayt  analyzed  a  double  oxalate  of  glucinum  and  am- 
monium, GllNH^ ) jC^Og.  In  tliis  the  glucina  was  estimated 
by  calcination,  after  first  converting  the  salt  into  nitrate. 
The  following  percentages  were  found : 

11. 5 

II. 2 

11. 6 

Mean,  11.433,  isr  .081 

The  carbon  was  estimated  by  an  organic  combustion.  I 
give  the  weights,  and  put  in  a  third  column  the  percentages 
of  CO,  thus  obtained: 

♦  Zeitxchrift  fiir  Anal.  Chem..  8,  523.     1869.  J 

t  Ann.  de  Chim.  et  de  Ph\-s.,  (.3,)  44,  37.     1855. 
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Salt, 

CO^, 

Per  eent,  COy 

.600  grm. 

.477  grm. 

79.500 

.603    " 

.478    " 

79.270 

.600    " 

.477    " 

79.500 

Mean,  79.423,  ±  .052 
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Calculating  the  ratio  between  CO,  and  GIO,  we  have  for 
'the  molecular  weight  of  the  latter,  GIO  =  25.220,  d=  .180. 
The  agreement  between  this  result  and  the  one  previously 
deduced  from  the  sulphate  is  certainly  very  striking. 

Last  of  all  and  best  of  all  we  come  to  the  determinations 
recently  published  by  Nilson  and  Pettersson.*  These  chem- 
ists sought  to  use  the  sublimed  chloride  of  glucinum,  but 
found  it  to  contain  traces  of  lime  derived  from  a  glass  tub0. 
They  finally  resorted  to  the  sulphate  as  the  most  available 
salt  for  their  purposes.  This,  which  they  write  012(804)3 
I2H2O,  and  which  we  formulate  as  G1S04.4H,0,  yields  pure 
glucina  upon  strong  ignition.  The  subjoined  percentages 
of  glucina  were  thus  obtained : 

14.171 
14.169 
14.160 
14.176 


Mean,  14.169,  d=  .0023 

Hence  GIO  =  25.048,  and  Gl  =  9.085,  ih  .0055.  If  0  = 
16,  Gl  =  9.106.    If  SO,  =  80,  then  Gl  =  9.096. 

If  the  oxide  is  GljOg,  then  the  value  Gl  =  9.085,  ih  .0055 
becomes  Gl  =  13.628,  dt  .0082. 

It  would  be  easy  enough  to  combine  this  value  for  Gl 
with  those  derived  from  the  experiments  of  the  investi- 
gators previously  cited,  but  it  is  hardly  worth  while.  All 
the  other  estimations  have  such  high  probable  errors  that 
they  would  practically  vanish  from  the  general  mean. 
Their  influence  would  hardly  extend  to  the  third  decimal 
place,  and  they  may  therefore  be  neglected. 

*Compt.  Rend.,  91,  168.     1880. 
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MAGNESIUM. 

• 

There  is  perhaps  no  common  metal  of  which  the  atomic 
weight  has  been  subjected  to  closer  scrutiny  than  that  of 
magnesium.  The  value  is  low,  and  its  determination  should, 
therefore,  be  relatively  free  from  many  of  the  ordinary 
sources  of  error ;  it  is  extensively  applied  in  chemical  anal- 
ysis, and  ought  consequently  to  be  accurately  ascertained. 
Strange  discrepancies,  however,  exist  between  the  results 
obtained  by  different  investigators;  so  that  the  generally 
accepted  figure  cannot  be  regarded  as  absolutely  free  from 
doubt 

The  determinations  of  Berzelius*  and  other  earl  v  chemists 
need  not  bo  here  considered.  Nor  does  the  estimation  made 
by  Macdonnellf  deserve  more  than  a  passing  mention.  He 
puts  the  atomic  weight  of  magnesium  at  23.9,  but  gives  no 
details  concerning  his  method  of  determination.  The  re- 
searches which  we  have  to  consider  are  those  of  Scheerer, 
Svanberg  and  Xordenfeldt,  Jacquelain,  Bahr,  Marchand  and 
Scheerer,  and  Dumas. 

Soheerer's  method  of  investigation  was  exceedingly  sim- 
ple. J  He  merely  estimated  the  sulphuric  acid  in  anhydrous 
magnesium  sulphate,  employing  the  usual  process  of  pre- 
cipitation as  barium  sulphate.  He  gives  no  weighings,  but 
reports  the  percentages  of  SO,  thus  found.  In  his  calcula- 
tions, 0  =  IW,  SO  3  =  500.75,  and  BaO  =  955.29.  It  is 
easy,  therefore,  to  recalculate  the  figures  which  he  gives,  so 
as  to  establish  what  his  method  really  represents,  viz.,  the 
ratio  Wtwcon  the  sulphates  of  barium  and  magnesium. 

Thus  revised,  his  four  analyses  show  that  100  parts  of 
MgS04  yield  the  following  quantities  of  BaSO^  : 


♦  Lehrbuch,  5  Aun.,  Bd.  3.  s.  1 227. 

+  British  Association  Report,  1S52,  pun  2.  p.  56. 

1  Po^end.  Annil..  60.  535.     iS4f» 
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Per  cent,  SO^ 

193575 

66.573 

193-677 

66.608 

193-767 

66.639 

193-631 

66.592 

101 


Mean,  193.6625,  dr  •0274 

Hence,  using  the  atomic  weights  deduced  in  previous 
chapters  for  Ba,  S,  and  0,  Mg  =  24.544,  di  .0311.  In  a  sub- 
sequent note*  Scheerer  shows  that  the  barium  sulphate  of 
the  forgoing  experiments  carried  down  with  it  magnesium 
salts  in  such  quantity  as  to  make  the  atomic  weight  of  mag- 
nesium 0.39  too  low.    Corrected,  Mg  becomes  =  24.545. 

The  work  of  Bahr,  of  Jacquelain,  and  in  part  that  of 
Svanberg  and  Nordenfeldt,  also  relates  to  the  composition 
of  magnesium  sulphate.  Jacquelain's  experiments  were  as 
follows.t  Dry  magnesium  sulphate  was  prepared  by  mix- 
ing the  ordinary  hydrous  salt  to  a  paste  with  sulphuric  acid, 
and  calcining  the  mass  in  a  platinum  crucible  over  a  spirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction. 
This  dry  sulphate  was  weighed  and  intensely  ignited  three 
successive  times.  The  weight  of  the  residual  MgO  having 
been  determined,  it  was  moistened  with  sulphuric  acid  and 
recalcined  over  a  spirit  lamp,  thus  reproducing  the  original 
weight  of  MgSO^.  Jacquelain's  weighings  for  these  two 
experiments  show  that  100  parts  of  MgO  correspond  to  the 
quantities  of  MgS04  given  in  the  last  column : 

1.466  grm.  MgSOfgave    .492  grm.  MgO.  297.968 

.492    "      MgO       "     1.466    "      MgSO^.  297.968 

Jacquelain  also  made  one  estimation  of  sulphuric  acid  in 
the  forgoing  sulphate  as  BaS04.  His  result,  (1.464  grm. 
MgS04  =  2.838  grm.  BaSO^,)  reduced  to  the  standard 
adopted  in  dealing  with  Scheerer's  experiments,  give  for  100 
parts  of  MgSO^,  193.852  BaSO^.  If  this  figure  be  given 
equal  weight  with  a  single  experiment  in  Scheerer's  series, 

* 

*  Poggeod.  Annal.,  70,  407. 

f  Ann.  d.  Chini.  et  Phys.,  3  serie,  32,  202. 
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and  combined  with  the  latter,  the  mean  will  be  193.700,  ± 
.0331.  From  this  the  atomic  weight  of  magnesium  becomes 
24.244,  ±1 .033.  This  again,  corrected  according  to  Scheerer 
for  the  magnesium  salts  carried  down  by  the  barium  sul- 
phate, becomes  0.39  higher,  or  Mg  =  24.283.  Of  course 
this  correction,  determined  by  Scheerer  for  a  single  experi- 
ment, can  only  be  a  rough  approximation  in  a  mean  like 
the  foregoing.  It  is  better  than  no  correction  at  all,  the 
character  of  the  error  involved  being  known. 

Bahr*s*  work  resembles  in  part  that  of  Jacquelain.  This 
chemist  converted  pure  magnesium  oxide  into  sulphate,  and 
from  the  increase  in  weight  determined  the  composition  of 
the  latter  salt.  From  his  weighings  100  parts  of  MgO  equal 
the  amounts  of  MgSO^  given  in  the  third  colunm : 

1.6938  gnn.  MgO  gave  5.0157  grm.  MgSO^.       296.122 
3.0459  "  6.0648  "  296.437 

1,0784  "  3-»925  "  296.040 


Mean,  296.200,  ±z  .0815 

About  four  years  previous  to  the  mvestigations  of  Bahr 
tho  jHiix^r  of  Svanberg  and  Nordenfeldtt  appeared.  These 
chemists  started  with  the  oxalate  of  magnesium,  which  was 
dried  at  a  tem^^emture  of  from  100^  to  105^  until  it  no 
lonj:X'r  lost  weight.  The  salt  then  contained  two  molecules 
of  water,  and  uixmi  strong  ignition  it  left  a  residue  of  MgO. 
The  jH^roontage  of  MgO  in  the  oxalate  comes  out  as  follows; 


:.5654  pro. 

oxaUtc  fix-c  1.0S72  iT=i-  oxiie. 

-:-359  pfr  cent. 

tvjiroN 

I,:4CV4 

^.375        • 

^Jto.v 

i.^^iS 

K3^      " 

^  iri6 

1  T-c^* 

:?7o6S       - 

Meiiu  27.5665.  r=  .<X»3 


Iv.  Three  of  these  exivrinients  the  MgC>  was  treated 
H.Sv\.a:id  .vr.veneo..  as  by  ,Uo\3ueia:n  and  by  Bihrin 
ihe::  .ater  re^-archi^  /.iio  Mi:5i»^.  One  hundred  p«ta  ^ 
Mi\>  cave  o:  Mc^h."^,  as  :V*  ■  .-tt?  : 


MAQSESIUJt.  103 

I.9S71  grm.  MgO  gave  5.899s  S""'  MgSO,.       296.875 
r.746*  ■■  5,1783  ■■  296.515 

I.;4i5  "  5,1666  '■  296,624 

Mean,  196,671,  :*:  .071 

We  have  now  for  this  ratio  between  MgO  and  MgSO, 
series;  not  at  all  concordant.     We  may  combine  them, 
dgiiiug  to  each  of  Jacquelain's  two  results  a  weight  cor- 
iponding  to  one  of  Bahr's : 


jBOqucUin 

B«Jw _ 

SvaabeTg  and  Nunlenreldi 


.  397.968.  d:  .0999 
.  296.200,  ~  .0815 
.   396.671.  ±^  .072 


In  1850  the  elaborate  investigations  of  Marchand  and 
>eror*  appeared.     These  chemists  undertook  to  deter- 
lioe  the  composition  of  some  natural  mognesites,  and,  by 
pplyiog  corrections  for  impurities,  to  deduce  from  their 
isults  the  sought  for  atomic  weight.    The  magiiesite  chosen 
»r  the  investigation  wa^,  first,  it  yellow,  transparent  variety 
an  Snariim ;  second,  a  white  opaque  mineral  from  the 
me  locality ;  and,  third,  a  very  pure  quality  from  Frank- 
In  each  case  the  impurities  were  carefully  deter- 
linod;  but  only  a  part  of  the  details  need  be  cited  here, 
lica  was  of  course  easily  corrected  for  by  simple  subtrac- 
ou  from  the  sum  of  all  of  the  constituents;  but  iron  and 
klcium,  when  found,  having  been  present  in  the  mineral  as 
u-bonatcs,  required  the  assignment  to  them  of  a  portion  of 
le  corbonic  acid.     In  the  atomic  weight  determinations 
le  mineral  was  first  dried  at  300°.    The  loss  in  weight 
pun  ignition  was  then  carbon  dioxide.     It  was  found,  how- 
rcr,  that  even  here  a  correction  was  necessary.     Magnesite, 
[lou  drying  at  300",  loses  a  trace  of  COj,  and  still  retains  a 
illle  water;  on  the  other  hand,  a  minute  quantity  of  CO, 
oniuas  even  after  ignition.     The  CO,  expelled  at  300° 
mounted  in  one  experiment  to  .054  per  cent. ;  that  retained 
r  calcination  to  .055  per  cent.     Both  errors  tend  in  the 
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same  direction,  and  increase  the  apparent  percentage  of 
MgO  in  the  magnesite.  On  the  yellow  mineral  from  Snamm 
the  crude  results  are  as  follows,  giving  percentages  of  MgO, 
FeO,  and  COj  after  eliminating  silica : 


CO,. 

M^rO. 

FeO. 

51.8958 

473278 

.7764 

51.8798 

47.3393 

.7809 

51-8734 

47.3154 

.8112 

51.8875 

47.3372 

.7753 

Mean,  47-3299  ±  •«>37 

After  applying  corrections  for  loss  and  retention  of  CO,, 
as  previously  indicated,  the  mean  results  of  the  foregoing 
series  become — 

CO^,  MgO.  FtO. 

51-9931  47.2743  .7860 

The  ratio  between  the  MgO  and  the  CO,,  after  correcting 
for  the  iron,  will  be  considered  fiirther  on. 

Of  the  white  magnesite  from  Snarum  but  a  single  anal- 
ysis was  made,  which,  for  present  purposes  may  be  ignored. 
Concerning  the  Frankenstein  mineral  three  series  of  anal- 
yses were  executed.  In  the  first  series  the  following  results 
were  obtained : 

8.996  gnn.  CO,  =  8.2245  grm.  MgO.  47.760  per  cent.  MgO. 

7.960     "  7-2775    **  47.761 

9.3265    •*  8.529     "  47.767 

7.553     »'  6.9095    "  47.775 


t4 

•c 
«• 


Mean,  47.766,  ±  .0022 

This  mean,  corrected  for  loss  of  CO,  in  drying,  becomes 
47.681.     I  give  series  second  with  corrections  applied : 

6.8195  grm.  MgCOj  gave  3.2500  gnn.  MgO.  47.658  per 

1 1. 3061  '*  53849  '*  47.628 

9-7375  *•  4.635  "  47.599       • 

12.3887  **  59033  "  47.650 

32.4148  **  15-453  "  47.674       ' 

38. 89 1 2  •*  18.5366  ••  47*663       « 

26.5223  *  12.6445  "  47*675       • 

Mesn, 
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The  third  series  was  made  upon  very  pure  material,  so 
that  the  corrections,  although  applied,  were  less  influential. 
The  results  were  as  follows : 

4.2913  gnn.  MgCO,  gave  2.0436  grm.  MgO.  47.622  per  cent. 

27.8286  •«  13-2539  "  47.627 

14.6192  **  6.9692  "  47.672 

18.3085  "  8.7237  "  47-648 


it 


Mean,  47.642,  rfc  .0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown 
that  an  important  correction  to  the  foregoing  data  had  been 
overlooked.  Scheerer,  re-examining  the  magnesites  in  ques- 
tion, discovered  in  them  traces  of  lime,  which  had  escaped 
notice  in  the  original  analyses.  With  this  correction  the 
two  magnesites  in  question  exhibit  the  following  mean 
composition : 


CO, 

MgO 

CaO 

FeO 


» 

Snarum, 

Frankenstein. 

52.131 

52.338 

46.663 

47.437 

.430 

.225 

.776 

100.000 

100.000 

Correcting  for  lime  and  iron,  by  assigning  each  its  share 
of  COj,  the  Snarum  magnesite  gives  as  the  true  percentage 
of  magnesia  in  pure  magnesium  carbonate,  the  figure  47.624. 
To  this,  without  serious  mistake,  we  may  assign  the  weight 
indicated  by  the  probable  error,  i:  .0037 ;  the  quantity  pre- 
viously deduced  from  the  percentages  of  MgO  given  in  the 
uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the 
final  mean  percentage  of  MgO  in  MgCO  3  becomes  47.628. 
This,  however,  represents  three  series  of  analyses,  whose 
combined  probable  errors  may  be  properly  assigned  to  it. 
The  combination  is  as  follows : 

*Abil  d.  Chem.  und  Pharm.,  no,  240. 
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% 


.0022 
.0069 
.0077 


Result,  db  .0020,  probable  error  of  the  general  mean. 

We  may  now  combine  the  results  obtained  from  both 
magnesites : 

Snarum  mineral Per  cent  MgO,  47.624,  ±  .0037 

Frankenstein  mineral  ..  '*  47.628,  db  .0020 


General  mean "  47.627,  db  .0018 

The  last  investigation  upon  the  atomic  weight  of  magne- 
sium which  we  have  to  consider  is  that  of  Dumas."^  Puie 
magnesium  chloride  was  placed  in  a  boat  of  platinum,  and 
ignited  in  a  stream  of  dry  hydrochloric  acid  gas.  The 
excess  of  the  latter  having  been  expelled  by  a  current  of  dry 
carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed 
in  a  closed  vessel  and  weighed  therein.  After  weighing,  the 
chloride  was  dissolved  and  titrated  in  the  usual  manner 
with  a  solution  containing  a  known  quantity  of  pure  silver. 
The  weighings  which  Dumas  reports  give,  as  proportional  to 
100  parts  of  silver,  the  quantities  of  MgCl,  stated  in  the 
third  column : 

2.203  gnn.  MgCl,  =  4.964  grm.  Ag.  44-3So 

2.5215  '*  5.678  "  44-408 

2.363  "  5.325  "  44.376 

3-994  "  9012  "  44-319 

2.578  -  5,834  "  44-189 

2.872  *•  6.502  •*  44*171 

2.080  "  4.710  **  44*l6i 

2.214  **  5.002  *<  44*262 

2.086  "  4.722  **  44*176 

1.688  "  3.823  •*  44*154 

1.342  "  3031  *•  44.276 


Mean,  44.261,  db  •OiO 

There  are  now  before  us  the  following  ratiosi  from  wbkk 

to  deduce  the  sought-for  atomic  weight :  j 

•'  ""tiil 

'"^  Ann.  Chem.  Phann.,  113.  33.     i86ql 
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(I.)  MgSO^  :  BaSO^  : :  lOO  :  193.700,  d=  .0331 
(2.)  MgO  :  MgS04  : :  100  :  296.806,  d=  .0475 
(3.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  db  .0023 
(4.)  Per  cent,  of  MgO  in  carbonate,  47.627,  ±  .0018 
(5.)  Ag  :  MgCl,  : :  lOO  :  44.261,  =b  .020 

From  these  we  find  three  values  for  the  molecular  weight 
of  MgO : 

From  (2)-..i MgO  =  40.587,  db  .0126 

From  (3) "     =  40.603,  ±  .0069 

From  (4) —    "     =  39.922,  d=  .0030 

General  mean "     =  40.054,  d:  .0027 

We  have  also  three  values  for  the  atomic  weight  of  mag- 
Qesium : 

From  molecular  weight  of  MgO Mg  =  24.091,  db  .0044 

From  ratio  (i,)  corrected "    =  24.283,  zh  .033 

From  ratio  (5,)  Dumas "    =  24.576,  d=  .032 

General  mean "    =  24.103,  db  .0043 

Or,  if  0  =  16,  Mg  becomes  =  24.159. 

In  this  general  mean  all  the  determinations  are  included, 
good  or  bad.  Dumas'  result  is  unquestionably  wrong ;  the 
error,  probably,  being  due  to  the  presence  of  oxychloride  in 
the  MgCl,  which  was  used.  It  is  doubtful  whether  any 
precautions  could  have  eliminated  that  error.  If  we  take 
only  Marchand  and  Scheerer's  work  on  magnesium  carbon- 
ate as  having  positive  valued  we  shall  get  from  their  analy- 
ses the  following  result,  viz :  Mg  =  23.959,  ±  .0046.  Or, 
if  O  =  16,  this  becomes  24.014.  The  atomic  weight  of  mag- 
nesium, therefore,  varies  from  the  whole  number  24,  only 
within  the  ordinary  limits  of  experimental  error. 


108  TH£  ATOMIC  WEIGHTS. 


ZIXC. 

The  several  determinations  of  the  atomic  weight  of  zinc 
are  by  no  means  closely  concordant.  The  results  obtained 
bv  Gav-Lussac*  and  Berzeliust  were  undoubtedly  too  low, 
and  may  be  disregarded  here.  We  need  consider  only  the 
work  done  by  Jacquelain.  FaAie.  and  Axel  Erdmaun. 

In  1S42  Jacquelain  published  the  results  of  his  investiga- 
tions upon  this  important  eonstant.t  In  two  experiments  a 
weighed  quantity  of  zinc  was  converted  into  nitrate,  and 
that  b}*  ignition  in  a  platinum  crucible  was  reduced  to  oxide. 
In  two  other  experiments  sulphuric  acid  took  the  place  of 
nitric.  As  the  zinc  contained  small  quantities  of  lead  and 
iron,  these  were  estimated,  and  the  necessary  corrections  ap- 
plied. From  the  weights  of  metal  and  oxide  given  by 
Jacquelain  the  percentages  have  been  calculated : 

Atfn'c  Series. 

9.917  gnn.  Zn  gave  12.313S  gnn.  ZnO.  So. 536  per  cent.  Zn. 

9.809  *•  12.1S00  -  Sc.554 

SuJ/isi'^.-  Sm'fj. 
2.30S  •'  --97^  gr^-  ZnO.  S0.524 

3.197  •*  3.96S  -  S0.570 

Me.in  of  ill  four.  So.  541.  —  .007 

Hence  Zn  =  60.072,  =  .02S. 

The  methoil  adopte«l  by  Axel  Enlmann  is  essentially  the 
same  as  that  of  Jacquelain.  but  varies  from  the  latter  in  cer- 
tain important  details.  Fir^t.  pure  zinc  oxide  was  prepared, 
ignited  in  a  covered  crucible  with  sugar,  and  then,  to  com* 
plete  the  rt-duction,  ignited  in  a  porcelain  tube  in  a  current 
of  hydrogen.  The  pure  zino  thus  obtained  was  converted 
Lnio  oxide  bv  moans  of  tiva-ment  with  nitric  acid  and  sub- 


♦  Merricire  dWrcec:!.  -.  174. 

X  Ccapc.  Rend..  14.  ^30. 
FlYt*^^-  A=rj:l..  r^.  oil.     Fe.-r.  Lehrtt.  3.  1219. 
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sequent  ignition  in  sl  porcelain  crucible.    Erdmann's  figures 
give  us  the  following  percentages  of  metal  in  the  oxide : 

80.247 
80.257 
80.263 
80.274 


Mean,  80.260,  4=  .0037 

Hence  Zn  =  64.9045,  di  .019. 

If  we  combine  the  results  of  Jacquelain  with  those  of  Erd- 
mann,  we  get  a  mean  percentage  of  zinc,  80.324,  =b  .0032 ; 
and  an  atomic  weight  of  Zn  =  65.168,  ±  .018.  The  reason 
for  the  discordance  between  the  two  experimenters  will  be 
considered  further  along. 

Favre*  employed  two  methods  of  investigation.  First, 
zinc  was  dissolved  in  sulphuric  acid,  the  hydrogen  evolved 
was  burned,  and  the  weight  of  water  thus  formed  was  de- 
termined. To  his  weighings  I  append  the  ratio  between 
metallic  zinc  and  100  parts  of  water : 

25.389  gnn.  Zn  gave  6.928  grm.  H,0.       366.469 
30.369     "     8.297    "  366.024 

31.776     "     8.671    "  366.463 


Hence  Zn  =  65.803,  di  .020. 


Mean,  366.319,  ±  .088 


The  second  method  adopted  by  Favre  was  to  burn  pure 
zinc  oxalate,  and  to  weigh  the  oxide  and  carbonic  acid  thus 
produced.  From  the  ratio  between  these  two  sets  of  weights 
the  atomic  weight  of  zinc  is  easily  deducible.  From  Favre^s 
weighings,  if  CO,  =  100,  ZnO  will  be  as  given  in  the  third 
column  below : 

7.796  gnn.  ZnO  =  8.365  grm.  CO,.  93- '9^ 

7J342  "  7.883         "  93. '37 

5.2065  "  5.588         "  93173 


Mean,  93.169,  d:  .012 

Hence  Zn  =  65.8395,  ±  .022. 


♦Ann.  Chim.  Phys.,  (3,)  10,  163.     1844- 
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A  fourth  combustion  of  the  oxalate  is  omitted  from  the 
above  series,  having  been  rejected  by  Favre  himself  In  this 
the  oxide  formed  was  contaminated  by  traces  of  sulphide. 

The  four  values  for  zinc  now  before  us  are  so  discordant 
that  a  combination  of  them  after  the  usual  method  can  have 
only  a  trifling  significance.  The  following  is  the  result  thus 
obtained  : 

From  Jacquelain*s  figures Zn  =::  66.072,    it  .028 

From  Fa\Te*s  water  series ••    ~-  65.803,    zt.  .020 

From  Favre's  oxalate  scries _.  *•   .-  65.8395,  d=  .022 
From  £rdroann*s  figures •*   ---  64.9045,  :*z  .019 


General  mean *•     .    65.557,    ±:  .oil 

It  will  be  seen  that  three  of  these  values  agree  tolerably 
well,  placing  the  atomic  weight  of  zinc  in  the  neighborhood 
of  66,  while  the  other  is,  in  round  numbers,  about  a  unit 
lower.    This  lower  figure,  however,  has  the  smallest  proba- 

I 

ble  orrt^r,  and  it  will  be  found  also,  upon  careful  considera- 
tion, that  it  is  less  likelv  than  the  others  to  be  vitiated  bv 
experimental  inaccuracies.  Both  chemically  and  mathe- 
maticallv  it  is  the  best. 

V\x>i\  conijniring  Erdmann's  results  with  those  of  Jacque- 
lain  two  points  are  worth  noticing:  first,  Erdmann  worked 
with  purer  material  than  Jaoquelain.  although  the  latter 
applioil  corrections  for  the  impurities  which  he  knew  were 
present :  secondly.  Erdmann  calcine<l  his  zinc  nitrate  in  a 
jH>ix*elain  crucible,  while  Jacquelain  used  platinum.  In  the 
latter  case  it  has  Uvii  <hown  that  portions  of  zinc  may  be- 
come roihuvtl  and  alloy  themselves  with  the  platinum  of 
the  crucible.  Ilonve  a  lower  weight  of  oxide  from  a  given 
quantity  of  /inc.  a  higher  jXTcentage  of  metal,  and  an  in- 
croasoil  atomic  woiirht.  This  source  of  constant  error  has 
undoubtcvUy  atlVvt^xl  Jacquelain  s  experiments,  and  vitiated 
his  n^ults.  In  ErilmannV  work  no  such  errors  seem  to  be 
pr\\<i*nt. 

i>Ycr  Favrv^s  oxivrinionis  Enlmunn's  have  the  important 
merit  v^f  simplicity.  In  the  Uuter  it  is  difficult  to  detect 
s<.Hirv\^  of  error ;  in  the  lornur  it  is  easy.    In  Favre's 


CADMIUM.  Ill 

series  it  was  essential  that  the  hydrogen  should  first  be' 
thoroughly  dried  before  combustion,  and  then  that  every 
trace  of  water  formed  should  be  collected.  A  trivial  loss  of 
hydrogen  or  of  water  would  tend  to  increase  the  apparent 
atomic  weight  of  zinc. 

In  the  combustion  of  the  zinc  oxalate  equally  great  diffi- 
culties are  encountered.  Here  a  variety  of  errors  are  possi- 
ble, such  as  are  due,  for  example,  to  impurity  of  material, 
to  imperfect  drying  of  the  carbon  dioxide,  and  to  incomplete 
collection  of  the  latter.  It  may  not  be  easy  to  prove  that 
such  errors  actually  did  creep  into  Favre's  work,  and  yet 
their  possibility  hinders  us  from  absolutely  accepting  his 
results. 

All  things  considered,  then,  Erdmann's  determination  of 
the  atomic  weight  of  zinc  is  the  one  most  entitled  to  credit, 
and  must  be  Utken  for  the  present  in  lieu  of  the  general 
mean  deduced  from  all  four  of  the  values.  This  determina- 
tion, Zn  =  64.9045,  ±  .019,  becomes,  if  0  =  16,  65.054. 


CADMIUM. 

The  earliest  determination  of  the  atomic  weight  of  this 
metal  was  by  Stromeyer,  who  found  that  100  parts  of  cad- 
mium united  with  14.352  of  oxygen.*  With  our  value 
for  the  atomic  weight  of  oxygen  these  figures  make  Cd  = 
111.227.    This  result  has  now  only  a  historical  interest. 

The  more  modern  estimates  of  the  atomic  weight  of  cad- 
mium are  four  in  number,  by  v.  Hauer,  Lenssen,  Dumas, 
and  Huntington.  Of  these  that  by  v.  Hauer t  comes  first 
in  chronological  order.  He  heated  pure  anhydrous  cad- 
mium sulphate  in  a  stream  of  dry  hydrogen  sulphide,  and 
weighed  the  cadmium  sulphide  thus  obtained.     His  results 


♦Sec  Bcrr.  Lehrbuch,  5th  Ed.,  3,  12 19. 
t  Joum.  ftlr  Prakt.  Chem.,  72,  350.     1857. 
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Were  as  follows,  with  the  percentage  of  CdS  in  GdSOi  there- 
from deduced : 


7.7650  grm. 

CdSO^ 

gave  5.3741  gnn. 

CdS. 

69.209  percent 

6.6086 

4.5746 

i( 

69.222   ** 

7.3821 

5.1117 

(( 

69.245   " 

6.8377 

47336 

If 

69.228   " 

8.1956 

56736 

If 

69.227   •• 

7.6039 

5- 2634 

^t 

69.220   " 

7.1415 

4.9431 

< 

69.217   " 

5.8245 

4.0335 

« 

69.251   " 

6.8462 

4.7415 

< 

69.257   " 

Mean,  69.231,  d=  .0042 

Lenssen"*"  worked  upon  pure  cadmium  oxalate,  handling, 
however,  only  small  quantities  of  material.  This  salt,  upon 
ignition,  leaves  the  following  percentages  of  oxide : 


.5128  grm.  oxalate  gave  .3281  grm.  CdO. 
.6552       "       .4193 
.4017       "       .2573 


<( 


«( 


63.982  per  cent 
63.996      " 

64.053 


«« 


Mean,  64.010,  ±:  .014 

Dumas  t  dissolved  pure  cadmium  in  hydrochloric  acid, 
evaporated  the  solution  to  dryness,  and  fused  the  residue  in 
hydrochloric  acid  gas.  The  cadmium  chloride  thus  ob- 
tained was  dissolved  in  water  and  titrated  with  a  solution 
of  silver  after  the  usual  manner.  From  Dumas'  weighings 
I  calculate  the  ratio  between  CdCl,  and  100  parts  of  silver: 


2.369  grm. 

CdCl,  = 

=r    2.791 

grm. 

Ag. 

84.8S0 

4.540 

5.348 

84.892 

6.177 

7.260 

85.803 

2.404 

2.841 

84.618 

35325 

4.166 

84.794 

4.042 

4.767 

84.791 

Mean,  84.843,  ±:  .036 

Latest  of  all  comes  Huntington's  t  work,  done  under  the 
direction  of  Professor  J.  P.  Cooke.    Bromide  of  cadmium 


*  Joum.  filr  Prakt.  Chem.,  79,  281.     i860, 
t  Ann.  Chem.  Pharm.,  113,  27.     i860. 
1  Proc.  Amer.  Acad.,  1881. 
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was  prepared  by  dissolving  the  carbonate  in  hydrobromic 
acid,  and  the  product,  dried  at  200*^,  was  purified  by  sub- 
limation in  a  porcelain  tube.  Upon  the  compound  thus 
obtained  two  series  of  experiments  were  made. 

In  one  series  the  bromide  was  dissolved  in  water,  and  a 
quantity  of  silver  not  quite  sufficient  for  complete  precipi- 
tation of  the  bromine- was  then  added  in  nitric  acid  solu- 
tion. After  the  precipitate  had  settled,  the  supernatant 
liquid  was  titrated  with  a  standard  solution  of  silver  con- 
taining one  gramme  to  the  litre.  The  precipitate  was 
washed  by  decantation,  collected  by  reverse  filtration,  and 
weighed.  To  the  weighings  I  append  the  ratio  between 
CdBr,  and  100  parts  of  silver  bromide : 

1.5592  gnn.  CdBr,  gave  2.1529  grm.  AgBr.     Ratio,  72.423 


*  3.7456 

5.1724 

72.415 

2.4267 

335" 

72.415 

•3.6645 

5.0590 

72.43s 

•3.7679 

5.2016 

72.437 

2.7938 

3.8583 

72.410 

♦  1.9225 

2.6552 

72.405 

3.4473 

4.7593 

72.433 

Mean,  72.4216,  db  .0028 

The  second  series  was  like  the  first,  except  that  the  weight 
of  silver  needed  to  effect  precipitation  was  noted,  instead  of 
the  weight  of  silver  bromide  formed.  In  the  experiments 
marked  with  an  asterisk,  both  the  amount  of  silver  required 
and  the  amount  of  silver  bromide  thrown  down  were  deter- 
mined in  one  set  of  weighings.  The  third  column  gives  the 
CklBr,  proportional  to  100  parts  of  silver : 

•-3.7456  gnn.  CdBr,  =  2.9715  gnn.  Ag.  126.051 

5.0270  "  3.9874  "  126.072 

♦3.6645  "  2.9073  "  126.045 

•3.7679  "  2.98S8  "  126.067 

♦1.9225  «*  1.5248  "  126.082 

2.9101  "  2.3079  "  126.093 

3.6510  «*  2.8951  "  126. 1 10 

3.9782  "  3.1551  "  126.088 


8 


Mean,  126.076,  ±.  .0052 
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From  the  first  series CdBr,  ^  371.498,  db  .032 

Trom  the  second  scrics«.    "     =  271.505,  db  -027 

General  mean...    «*      =  271.502,  db  .0215 

Hence  Cd  =  111.966,  ±  .043. 

According  to  Huntington's  own  calculations  these  experi- 
ments fix  the  ratio  between  silver,  bromine,  and  cadmium 
as  Ag  :  Br  :  Cd  : :  108  :  80  :  112.31.  This  result  militates 
strongly  against  Prout's  hypothesis. 

Upon  combining  all  the  determinations  we  get  the  follow- 
ing result : 

V.  Hauer Cd  =  111.6S4,  ±  •o*© 

Lenssen "  =  11 1.803,  ^  -062 

Dumas "   =  11 1.969,  db  .065 

Huntington "  =  11 1.966,  ±  .040 

General  mean «*  =  1 11.835,  db  .024 

Or,  if  0  =  16,  then  Cd  =  112.092. 

It  will  be  seen  that  Dumas  and  Huntington's  determina- 
tions, both  made  with  haloid  salts  of  cadmium,  agree  with 
wonderful  closeness,  and  so  confirm  each  other.  On  the 
other  hand,  v.  Hauer's  data  give  a  value  for  the  atomic 
weight  of  cadmium  which  is  much  lower.  Apparently,  v. 
Hauer's  method  was  good,  and  the  reason  for  the  discrep- 
ancy remains  to  be  discovered.  Until  it  is  ascertained  I 
prefer  to  use  the  above  mean  value  for  Cd,  rather  than  to 
adopt  one  investigation  and  reject  the  others. 


MERCURY. 


In  dealing  with  the  atomic  weight  of  mercury  we  may 
reject  the  early  determinations  by  Sefetrom*  and  a  laxge 
part  of  the  work  done  by  Turner.f  The  latter  chemiat^  in 
addition  to  the  data  which  will  be  cited  below,  gives  figiUM 

*  SefstrOm.     Berz.  Lehrb.,  5th  Ed.,  3,  1215.     Work  done  in  l8ia. 
f  PhU.  Trans.,  1833,  53^-535- 
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to  represent  the  percentage  composition  of  both  the  chlo- 
rides of  mercury ;  but  these  results  are  neither  reliable  nor 
in  proper  shape  to  be  used. 

First  in  order  we  may  consider  the  percentage  composi- 
tion of  mercuric  oxide,  as  established  by  Turner  and  by 
Erdmann  and  Marchand.  In^  both  investigations  the  oxide 
was  decomposed  by  heat,  and  the  mercury  was  accurately 
weighed.  Gold  leaf  served  to  collect  the  last  traces  of  mer- 
curial vapor. 

Turner  gives  four  estimations.*  Two  represent  oxide  ob- 
tained by  the  ignition  of  the  nitrate,  and  two  are  from  com- 
mercial oxide.  In  the  first  two  the  oxide  still  contained 
traces  of  nitrate,  but  hardly  in  weighable  proportions.  A 
comparison  of  the  figures  from  this  source  with  the  others 
is  sufficiently  conclusive  on  this  point.  The  third  column 
represents  the  percentage  of  mercury  in  HgO : 


144.805  grains  Hg  —  11.  $4  grains  0. 

92.619 

125.980            "            10.08       " 

92.592 

173.561            "            13.82       •* 

92.625 

114.294            *'              9.101     " 

92.620 

II 
II 
II 


Mean,  92.614,  ±  .0050 

In  the  experiments  of  Erdmann  and  Marchand  t  every 
precaution  was  taken  to  ensure  accuracy.  Their  weighings, 
reduced  to  a  vacuum  standard,  give  the  subjoined  percent- 


82.0079  gnn.  HgO  gave  75-9347  gnn.  Hg.    92.594  per  cent. 

II 

11 

<i 

II 

Mean,  92.5996,  db  .0015 

Ck>mbining,  we  have : 

Turner 92.614,    ±.0050 

Erdmann  and  Marchand 92.5996,  d=  .0015 


51.0320 

II 

47.2538 

II 

92.597 

84.4996 

II 

78.2501 

II 

92.604 

44.6283 

11 

41.3285 

11 

92.606 

118.4066 

II 

109.6408 

II 

92.597 

General  mean ^ 92.601,    d:  .0014 


♦Phil.  Trans.,  1833,  531-535. 

t  Jonm.  fUr  Prakt  Chem.,  31, 395.     1844. 
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With  a  view  to  establishing  the  atomic  weight  of  sulphur 
Erdmann  and  Marchand  also  made  a  series  of  analyses  of 
pure  mercuric  sulphide.  These  data  are  now  best  available 
for  discussion  under  mercury.  The  sulphide  was  mixed 
with  pure  copper  and  ignited ;  mercury  distilling  over  and 
copper  sulphide  remaining  behind.  Gold  leaf  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were 
reduced  to  vacuum : 

34.3568  gnn.  HgS  gave  29.6207  gnn.  Hg.  86.215  percent.  Hg. 

24.8278  "  21.40295      "  86.206  " 

37.2177  "  32.08416      "  86.207  " 

80.7641  "  69.6372        "  86.223  «* 

Mean,  86.2127,  d:  .0027 

For  the  percentage  of  mercury  in  mercuric  chloride  we 
have  data  by  Turner,  Millon,  and  Svanberg.  Turner,*  in 
addition  to  some  precipitations  of  mercuric  chloride  by  silver 
nitrate,  gives  two  experiments  in  which  the  compound  was 
decomposed  by  pure  stannous  chloride,  and  the  mercury 
thus  set  free  was  collected  and  weighed.  The  results  were 
as  follows : 

44.7S2  grains  Hg  =  15.90  grains  CI.  73-798  per  cent. 

73.09  *'  25.97         "  73.784       ** 

Mean,  73.791,  d=  .005 

Millonf  purified  mercuric  chloride  by  solution  in  ether 
and  sublimation,  and  then  subjected  it  to  distillation  with 
lime.  The  mercury  was  collected  as  in  Erdmann  and  Mar- 
chand's  experiments.    Percentages  of  metal  as  follows  : 

73.S7 
73.81 
73.83 
73.87 


Mean,  73.845,  d:  .010 

Svanberg,!  following  the  general  method  of  Erdmann 

♦  Phil.  Trans.,  1833,  531  -5^5.  J 

t  Ann.  Chim.  Phys.,  (3,)  18,  345     1846. 
{  Joum.  (Ur  Prakt.  Chem.,  45,  472.     1848. 
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ctnd  Marchand,  made  three  distillations  of  mercuric  chlo- 
ride with  lime,  and  got  the  following  results : 

12.048  gnn.  HgCljgave  8.889    S""-  ^g-  73.780  per  cent. 

12.529  "  92456         "  73-794 

12.6491  "  93363         •*  73-810 

#       

Mean,  73.795,  d=  .006 

Combining  these  series  we  have : 

Turner 73-79i»  ±:  -«>5 

Millon 73845,  =fc  .010 

Svanbcrg « 73'795»  dtz  .006 

General  mean 73-798,  dz  .0034 

In  this  mean  Turner's  figures  undoubtedly  receive  undue 
weight,  for,  on  experimental  grounds,  they  are  probably  in- 
ferior to  both  of  the  other  series.  It  is  better,  however,  that 
the  generatmean  should  remain  as  it  is,  than  that  I  should 
deal  arbitrarily  with  any  of  the  data. 

We  now  have  three  figures  to  calculate  from : 

Per  cent,  of  Hg  in  HgO 92.601,    d=  .0014 

HgS 86.2127,  rfc  .0027 

HgCl, 73- 798,    ±  .0034 


These  give  us  three  values  for  the  atomic  weight  of  mer- 
cury and  a  general  mean  as  follows : 

From  HgO Hg  =  199.786,  db  .059 

From  HgS *'    =  200.016,  zh  .088 

From  HgO, •*    =  199239,  d=  .086 

General  mean **    =  199.712,  dt  .042 

If  O  =  16,  then  this  becomes  200.171. 


CHROMIUM. 


Concerning  the  atomic  weight  of  chromium  there  has 
been  much  discussion,  and  many  experimenters  have  sought 
to  establish  the  true  value.    The  earliest  work  upon  it  hav- 
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ing  any  importance  was  that  of  Berzelius,*  in  1818  and 
1826,  which  led  to  results  much  in  excess  of  the  correct 
figure.    His  method  consisted  in  precipitating  a  known 
weight  of  lead  nitrate  with  an  alkaline  chromate  and  weigh- 
ing the  lead  chromate  thus  produced.    The  error  in  his  de- 
termination arose  firdhi  the  fact  that  lead  chromate,  except 
when  thrown  down 'from  very  dilute  solutions,  carries  with 
it  minute  quantities  of  alkaline  salts,  and  so  has  its  apparent 
weight  notably  increased.    When  dilute  solutions  are  used, 
a  trace  of  the  precipitate  remains  dissolved,  and  the  weight 
obtained  is  too  low.    In  neither  case  is  the  method  trust- 
worthy. 

In  1844  Berzelius'  results  were  first  seriously  called  in 
question.  The  figure  for  chromium  deduced  from  his  ex- 
periments was  somewhat  over  56 ;  but  Peligotf  now  showed, 
by  his  analyses  of  chromous  acetate  and  of  the  chlorides  of 
chromium,  that  the  true  number  was  near  52.5.*  Unfortu- 
nately, Peligot's  work,  although  good,  was  published  with 
insufficient  details  to  be  useful  here.  For  chromous  acetate 
he  gives  the  percentages  of  carbon  and  hydrogen,  but  not 
the  actual  weights  of  salt,  carbon  dioxide,  and  water  from 
which  they  were  calculated.  His  figures  vary  considerably 
moreover ;  enough  to  show  that  their  mean  would  carry  but 
little  weight  when  combined  with  the  more  explicit  data 
furnished  by  other  chemists. 

Jacquelain'sJ  work  we  may  omit  entirely.  He  gives  an 
atomic  weight  for  chromium  which  is  notoriously  too  low^ 
and  prints  none  of  the  numerical  details  upon  which  his 
result  rests.  The  researches  which  particularly  command 
our  attention  are  those  of  Berlin,  Moberg,  Lefort,  Wilden- 
stein,  Kessler,  and  Siewert. 

Among  the  papers  upon  the  atomic  weight  under  consid- 
eration that  by  Berlin  is  one  of  the  most  important!!  His 
starting  point  was  normal  silver  chromate ;  but  in  one  ex- 

♦  Schweigg.  Journ.,  22,  53,  and  Poggend.  Annal.,  8,  33. 
fCompt.  Rend.,  19.  609  and  734;  20,  11 87;  21,  74. 
tCompt.  Rend.,  24,  679.     1847. 
II  Journ.  nir  Prakt.  Chem.,  37,  509,  and  38,  149.     1S46. 
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periment  the  anhydrochromate  Ag ,  Cr ,  0  ^  was  used.  These 
salts,  which  are  easily  obtained  in  a  perfectly  pure  condition, 
were  reduced  in  a  large  flask  by  means  of  hydrochloric  acid 
and  alcohol.  The  chloride  of  silver  thus  formed  was  washed 
by  decantation,  dried,  fused,  and  weighed  without  transfer. 
The  united  washings  were  supersaturated  with  ammonia, 
evaporated  to  dryness,  and  the  residue  treated  with  hot 
water.  The  resulting  chromic  oxide  was  then  collected 
upon  a  filter,  dried,  ignited,  and  weighed.  The  results  were 
as  follows : 

4.6680  gnn.  AgfCrO^  gave  4.027  grm.  AgCl  and  1.0754  grm.  Cr,0,. 

3.4568       "       2.983      "  .7960    " 

2.5060       "       2.1605     "  .5770    " 

2.1530       "        1.8555     "  .4945 

4.3335  gnn-  Ag,Cr,0,  gave  2.8692     "  1.5300 


<« 


From  these  weighings  three  values  are  calculable  for  the 
atomic  weight  of  chromium.  The  three  ratios  upon  which 
these  values  depend  we  will  consider  separately ;  taking  first 
that  between  the  chromic  oxide  and  the  original  silver  salt. 
In  the  four  analyses  of  the  normal  chromate  the  percentages 
of  Cr^O,  deducible  from  Berlin's  weighings  are  as  follows : 

23.037 
23.027 

23025 
22.968 


Mean,  23.014,  db  .011 

And  from  the  single  experiment  with  Ag,Cr,07  the  per- 
centage of  CrsO,  was  35.306. 

For  the  ratio  between  AgjCrO^  and  AgCl,  putting  the 
latter  at  100,  we  have  for  the  former : 

115.917 

115.883 
115.992 

116.033 


Mean,  115.956,  db  .023 
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In  the  single  experiment  with  anhydrochromate  100  i^ 
is  formed  from  151.035  Ag,Cr,Ot. 

Finally,  for  the  ratio  between  AgCl  and  Ct^O^,  the  i 
experiments  of  Berlin  give,  for  100  parts  of  the  fonxMr,  I 
following  quantities  of  the  latter : 

26.705 
26.685 
26.707 
26.650 
26.662 


Mean,  26.682,  d=  .0076 

These  results  will  be  discussed  in  connection  with  1 
work  of  other  investigators  at  the  end  of  this  chapter. 

In  1848  the  researches  of  Moberg"*"  appeared.  His  metl 
simply  consisted  in  the  ignition  of  anhydrous  chromic  I 
phate  and  of  ammoniacal  chrome  alum,  and  the  detenai 
tion  of  the  amount  of  chromic  oxide  thus  left  as  ntM 
In.  the  sulphate,  0,(804),,  ^^^  subjoined  percentage 
0,0,  were  found.  The  brackets  indicate  two  difiM 
samples  of  material,  to  which,  however,  we  are 
ascribing  equal  value : 

.542  grm.  sulphate  gave  .212  grm.  Cr,0,. 

1.337  "  .523 

.5287  ••  .207 

1.033  "  .406 

.868  "  .341  " 

Mean,  39.1946, 

From  the  alum,  (NH  J,Cr2(S0  J2.24H,0,  we  have  i 
percentages  of  Cr2  03.  The  first  series  represents  a  salt ! 
<lried  under  a  bell  jar  at  a  temperature  of  18®.  The  1 
tals  taken  were  clear  and  transparent,  but  may  poai 
have  lost  traces  of  water,t  which  would  tend  to  increasi 
atomic  weight  found  for  chromium.  In  the  second  a 
the  salt  was  carefully  dried  between  folds  of  filter  papWi 

*  Joum.  fUr  Prakt,  Chem.,  43,  114. 

t  This  objection  is  suggested  by  Berlin  in  a  shoit  note  vpoii 
Joum.  iUr  Prakt.  Chem.,  71,  191. 
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Y^esults  were  obtained  quite  near  those  of  Berlin.  Both  of 
t-lnese  series  are  discussed  together,  neither  having  a  remark- 
c^l>le  value : 


I.3I85 

gnn. 

aluin 

I  gave 

.213 

gnn 

.  Cr,0,. 

16.155  percent.  ] 

.7987 

<« 

.129 

<i 

16.151 

« 

1. 0185 

<« 

.1645 

« 

16.151 

ti 

1.0206 

«( 

.1650 

4( 

16.167 

II 

.8765 

« 

.1420 

«< 

16.201 

II 

.7680 

«< 

.1242 

«( 

16.172 

II 

1.6720 

u 

.2707 

«i 

16.190 

II 

.5410 

t< 

.0875 

«< 

16.174 

II 

1. 2010 

«« 

.1940 

«< 

16.153 

II 

I. 0010 

«« 

.1620 

« 

16.184 

II 

.7715 

<• 

.1235 

tt 

16.007 

^ 

1.374 

<« 

.2200 

it 

16.012 

"     i 

Mean,  16.143,  db  .0125 

The  determinations  made  by  Lefort*  are  even  less  valu- 
able than  those  by  Moberg.  This  chemist  started  out  from 
pure  barium  chromate,  which,  to  thoroughly  free  it  from 
moisture,  had  been  dried  for  several  hours  at  250°.  The 
chromate  was  dissolved  in  pure  nitric  acid,  the  barium 
thrown  down  by  sulphuric  acid,  and  the  precipitate  collected 
upon  a  filter,  dried,  ignited,  and  weighed  in  the  usual  man- 
ner. The  natural  objection  to  the  process  is  that  traces  of 
^  chromium  may  be  carried  down  with  the  sulphate,  thus  in- 
creasing its  weight.  In  fact,  Lefort's  results  are  somewhat 
too  high.  Calculated  from  his  weighings,  100  parts  of 
BaS04  correspond  to  the  amounts  of  BaCrO^  given  in  the 
third  column : 


1.2615  gnn.  J 

BaCi< 

Ofgave 

1. 1555  gnn. 

BaSO^ 

109.174 

1.5895 

« 

1.4580 

109.019 

^'32SS 

«< 

2.1340 

108.974 

3.0390 

M 

2.7855 

109.  lOI 

2.3480 

M 

2.1590 

108.754 

1.4230 

« 

1.3060 

108.708 

I.I975 

M 

1. 1005 

108.814 

3.4580 

M 

3.1690 

109. 1 19 

• 

2.0130 

« 

1.8430 

109.224 

*  Joonh  ftr  Prakt.  Chem.,  51,  261.     1850. 
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3.5570  grm.  BaCrO^  gave  3.2710  gnn.  BaSO^.  108.744 

1.6470       "       1.5060     •*  109.363 

1.8240       "       1-6725     "  109.058 

1.6950       "       1.5560     ««  108.933 

2.5960       ««       2.3870     ««  108.756 


Mean,  108.9815,  di  -0369 

Wildenstein,'*'  in  1853,  also  made  barium  chromate  the 
basis  of  his  researches.  A  known  weight  of  pure  barium 
chloride  was  precipitated  by  a  neutral  alkaline  chromate, 
and  the  precipitate  allowed  to  settle  until  the  supernatant 
liquid  was  perfectly  clear.  The  barium  chromate  was  ^en 
collected  on  a  filter,  washed  with  hot  water,  dried,  gently 
ignited,  and  weighed.  Here  again  arises  the  objection  that 
the  precipitate  may  have  retained  traces  of  alkaline  salts, 
and  again  we  find  deduced  an  atomic  weight  which  is  too 
high.  One  hundred  parts  BaCr04  correspond  to  BaCl,  as 
follows : 


81.87 

81.57 

81.80 

81.75 

81.61 

81.66 

81.78 

81.83 

81.52 

81.66 

81. 84 

81.80 

81.85 

81.66 

81.70 

81.85 

81.68 

81.57 

81.54 

81.83 

81.66 

81.71 

81.55 

81.63 

81.81 

81.56 

81.86 

81.58 

81.54 

81.67 

81.68 

81.84 

Mean,  81.702,  ±  .014 

Next  in  order  we  have  to  consider  two  papers  by  Kesslert 
who  employed  a  peculiar  volumetric  method  entirely  his 
own.  In  brief,  he  compared  the  oxidizing  power  of  potas- 
sium anhydrochromate  with  that  of  the  chlorate,  and  from 

♦  Journ.  filr  Prakt.  Chem.,  59,  27. 


CHBOMIUM.  123 

his  observations  deduced  the  ratio  between  the  molecular 
weights  of  the  two  salts. 

In  his  earlier  paper*  the  mode  of  procedure  was  about  as 
follows:  The  two  salts,  weighed  out  in  quantities  having 
approximate  chemical  equivalency,  were  placed  in  two  small 
flasks,  and  to  each  was  added  100  cc.  of  a  ferrous  chloride 
solution  and  30  cc.  hydrochloric  acid.  The  ferrous  chloride 
was  added  in  trifling  excess,  and,  when  action  ceased^  the 
amount  unoxidized  was  determined  by  titration  with  a 
standard  solution  of  anhydrochromate.  As  in  each  case 
the  quantity  of  ferrous  chloride  was  the  same,  it  became 
easy  to  deduce  from  the  data  thus  obtained  the  ratio  in 
question.  I  have  reduced  all  of  his  somewhat  complicated 
figures  to  a  simple  common  standard,  and  give  below  the 
amount  of  chromate  equivalent  to  100  of  chlorate : 

120.118 
120.371 
120.138 
120.096 
120.241 
120. 181 


Mean,  120. 191,  d=  .028 

In  his  later  paperf  Kessler  substituted  arsenic  trioxide 
for  the  iron  solution.  In  one  series  of  experiments  the 
quantity  of  anhydrochromate  needed  to  oxidize  100  parts 
of  the  arsenic  trioxide  was  determined,  and  in  another  the 
latter  substance  was  similarly  compared  with  the  chlorate. 
The  subjoined  columns  give  the  quantity  of  each  salt  pro- 
portional to  100  of  As,0, : 

K^Cr^Oy  KClOy 

98.95  41.156 

98.94  41. 1 16 

99.17  41.200 

98.98  41-255 

99.08  41.201 

99.15  41.086 

41.199 

Mean,  99.045,  di  .028  41.224 


*  Poggend.  Annal.,  95,  208.     1855. 
t  Poggend.  Annal.,  113.  137.     1861. 
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41.161 

41.193 
41.149 

41.126 
Mean,  41.172,  dr  .009 

From  the  data  given  in  the  earlier  paper,  if  we  use  our 
recent  values  for  chlorine,  potassium,  and  oxygen, 

K,Cr,0,  =  293.937,  ±  .086 
And  from  the  later,        "        =  294.159,  d=  .119 


General  mean,        "        1=  294.013,  db  '0697 

Finally,  we  come  to  the  determinations  published  by  Sie- 
wert,*  whose  work  does  not  seem  to  have  attracted  general 
attention.  He,  reviewing  Berlin's  work,  found  that  upon 
reducing  silver  chromate  with  hydrochloric  acid  and  al- 
cohol, the  chromic  chloride  solution  always  retained  traces 
of  silver  chloride  dissolved  in  it.  These  could  be  precipi- 
tated by  dilution  with  water ;  but,  in  Berlin's  process,  they 
naturally  came  down  with  the  chromium  hydroxide,  mak- 
ing the  weight  of  the  latter  too  high.  Hence  too  large  a 
value  for  the  atomic  weight  of  chromium.  In  order  to  find 
a  more  correct  value  Siewert  resorted  to  the  analvsis  of  sub- 
limed,  violet,  chromic  chloride.  This  .salt  he  fused  with 
sodium  carbonate  and  a  little  nitre,  treated  the  fused  ma» 
with  water,  and  precipitated  from  the  resulting  solution  the 
chlorine  by  silver  nitrate  in  presence  of  nitric  acid.  The 
weight  of  the  silver  chloride  thus  obtained,  estimated  after 
the  usual  manner,  gave  means  for  calculating  the  atomic 
weight  of  chromium.  His  figures,  reduced  to  a  common 
standard,  give,  as  proportional  to  100  parts  of  chloride  of 
silver,  the  quantities  of  chromic  chloride  stated  in  the  third 
of  the  subjoined  columns : 


*  Zeitschrift  G«sammt.  Wissenschaften,  17,  53a     1861. 
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2367  gnn.  Cr,Cl^ 

gave  .6396  gna 

.  AgCl. 

37.007 

2946 

.7994 

36.853 

2593 

.7039 

36.838 

4935 

1-3395 

36.842 

5850 

1.5884 

36.830 

651 1               *• 

I. 76681 

36.852 

5503 

i.4939» 

36.836 

125 


Mean,  36.865,  d=  .0158  • 

The  first  of  these  figures  varies  so  widely  firom  the  others 
that  we  are  justified  in  rejecting  it;  in  which  case  the  mean 
becomes  36.842,  ±:  .0031. 

Siewert  also  made  two  analyses  of  silver  anhydrochromate 
by  the  following  process.  The  salt,  dried  at  120°,  was  dis- 
solved in  nitric  acid.  The  silver  was  then  thrown  down  by 
hydrochloric  acid,  and,  in  the  filtrate,  chromium  hydroxide 
was  precipitated  by  fionmonia.  Reduced  to  a  uniform  stan- 
dard, we  find  from  his  results,  corresponding  to  100  parts  of 
AgCl,  Ag,Cr207,  as  in  the  last  column : 

.7866  grm.  Ag,Cr,Of  gave  .52202  AgCl  and  .2764  Cr^O,.         150.684 
1.089  "  .72249         *•         .3840     "  150.729 


Mean,  150.706,  dz  .015 

Giving  Berlin's  single  estimation  equal  weight  with  one 
of  these,  and  combining,  we  get  a  general  mean  of  150.816, 
±  .074. 

Siewert's  percentages  of  CrgOj  obtained  from  Ag,Cr,0^, 
are  as  follows,  calculated  from  the  above  weighings. 

35139 

35- 262 


Mean,  35.2005,  ±  .0415 

Combining,  as  before,  with  Berlin's  single  result,  giving 
the  latter  equal  weight  with  one  of  these,  we  have  a  general 
mean  of  85.286,  ±  .0335. 

For  the  ratio  between  silver  chloride  and  chromic  oxide, 
Siewert's  two  analyses  of  the  anhydrochromate  come  out  as 
follows.     For  100  parts  of  AgCl  we  have  of  Ct^O^  : 
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52.948 
53.150 

Mean,  53.049,  db  .068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on 
the  monochromate,  becomes  26.525,  ±  .034.  Berlin's  meaD 
was  26.682,  ±,  .0076.  The  two  means,  combined,  give  a  gen- 
eral mean  of  26.676,  d:  .074. 

We  may  now  consider  the  ratios  before  us,  which  are  as 
follows : 


(I. 

(3. 

(4. 

(5. 
(6. 

(7. 
(8. 

(9. 

(10. 

(n. 


Percentage  Cr,0,  from  AgjCrO^,  23.014,  d=  .01 1 

Percentage  Cr,0,  from  Ag,Cr,Op  35.236,  d=  .0335 

AgCl :  AgjCrO^  : :  100  :  115.956,  ±  .023 

AgCl  :  AgjCr^Of  : :  100:  150.816,  rt  .074 

AgCl  :  Cr^O,  : :  loo  :  26.676,  ih  .0074 

Percentage  Cr,0,  in  chromic  sulphate,  39. 1946,  db  .0280 

Percentage  Cr,0,  in  ammonia  chrome  alum,  16.143,  ^  '^'^5 

BaSO^  :  BaCrO^  : :  100  :  108.9815,  ±  .0369 

BaCrOf  :  BaCl,  : :  loo  :  81.702,  d=  .014 

Molecular  weight  of  K,Cr,Of,  294.013,  ^  .0697 

AgO  :  CrCl,  : :  lOO  :  36.842,  •±.  .0031 


From  these  ratios  we  can  at  once  deduce  five  values  for 
the  molecular  weight  of  Cr,Oj,  as  follows  : 

Fkom  (l) .Cr,0,  =  152.612,  rfc  .074 

(2) -.-     "       =  151-905.  :+:  .165 

(5) "      =  152.634.  ±  .044 

(6) "       =  154.464.  =b  .135 

*•      (7) "      =  154-512,  d=  .125 


t« 


«• 


•• 


General  mean "      =-  152.855,  ±  .034 


For  l^arium  ohromaie  we  get  two  values  : 

f>v«i  (S^ -.BaCiO.  =  253.494, 

-     ^o^ -     -      =253.976. 


.094 
.067 


Genenil  mean...      -       =  253.S16,  rr  .054 
r^'Wi  ,5   BT  j«  Aj[;,Cx\\  =  331 -739.  =  070 

-     ,4      -     .V;:;,Cr5a  =  431-470,  =  .215 

*^    ^U  CrC,  =  15S.102,  =  .018 

FiuAllv.  from  tho?e  in:ormediate  data  we  derive 
for  th<?  Atonuo  >Kvich«  of  ohrv^mium : 


(« 

M 
« 
M 
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From  BaCiO^ Cr  =  53.200,  it  .064 

••      Cr,0, "  =  52.482,  d=  .018 

AgiCiO^ "  —  52.536.  ±  .074 

Ag,Cr,0, "  =  52.188,  ifc  .109 

K,Cr,0, "  =52.116,^.078 

CiCl, "  =  51.992,  ±  .047 

General  mean  ._. "  =  52.453,  d:  .015 

Or,  if  O  =  16 "  =  52.574 

On  account  of  the  wide  discrepancies  between  different 
data,  and  of  the  known  constant  errors  vitiating  some  of  the 
series  of  experiments,  the  foregoing  general  mean  can  have 
but  little  real  value.  In  fact,  a  careful  consideration  of  all 
the  work  represented  in  it  will  show  that  the  most  accurate 
estimate  of  the  atomic  weight  of  chromium  must  be  deduced 
from  the  experiments  of  either  Berlin,  Kessler,  or  Siewert 
Berlin's  figures,  taken  by  themselves,  and  combined,  give, 
if  the  single  analysis  of  silver  anhydrochromate  be  assigned 
equal  weight  with  a  single  analysis  in  the  monochromate 
series,  Cr  =  52.389,  ±  .019;  or,  if  O  =  16,  Cr  =  52.511. 

Siewert's  results,  both  for  chromic  chloride  and  the  silver 
anhydrochromate,  properly  combined,  give  Cr  =  52.009, 
±  .025.  If  0  =  16,  this  value  becomes  Cr  =  52.129.  In 
brief,  the  atomic  weight  of  chromium  may  be  nearly  52.5, 
or  it  may  be  52.  Only  a  revision  of  all  the  experiments 
could  enable  us  to  decide  positively  between  these  values. 
But  as  Siewert  has  pointed  out  probable  sources  of  error  in 
Berlin's  work,  I  am  inclined  to  give  preference  to  the  lower 
value. 


MANGANESE. 

Rejecting  the  early  experiments  of  J.  Davy  and  of  Arf- 
vedson,  the  first  determinations  of  the  atomic  weight  of 
manganese  which  we  encounter  are  those  of  Turner*  and  of 
B6rzelius.t    Both  of  these  chemists  used  the  same  method. 

*Tkaas.  Roy.  Soc.  Edin.,  ii,  143.     1831. 
-^T^hibodi,  5th  Ed.,  3, 1224. 
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The  chloride  of  manganese  was  fused  in  a  current  of  dry 
hydrochloric  acid,  and  subsequently  precipitated  with  a 
solution  of  silver.  From  the  subjoined  weighings  I  calcu- 
late the  ratio  given  in  the  third  column  between  MnCl,  and 
100  parts  of  AgCl : 

4.2077s  grm.  MnCl,  =    9.575    grm.  AgCl.        -♦3-945  )  B^^Mlius 
3.063  "        =    6.96912        "  43950  > 

12.47      grains  MnCl,  =  28.42  grains  AgCl.  43*878 — ^Turner. 


Mean,  43-924>  ±  '015 

Hence  the  molecular  weight  of  MnCl ,  is  125.662,  ±:  .045. 

Many  years  later  Dumas*  also  made  the  chloride  of  man- 
ganese the  starting  point  of  some  atomic  weight  determina- 
tions. The  salt  was  fused  in  a  current  of  hydrochloric  acid, 
and  afterwards  titrated  with  a  standard  solution  of  silver 
in  the  usual  way.  100  parts  of  Ag  are  equivalent  to  the 
quantities  of  MnCIj  given  in  the  third  column  : 


3.3672  grm.  MnCl,  _ 

5.774  grm.  Ag. 

58-317 

3.0872              " 

5293 

<i 

58.326 

2.9671              ** 

5.0875 

«< 

58.321 

1. 1244              '* 

1.928 

« 

58.320 

i.3»34 

2.251 

« 

Mean, 

58.321 

.  58.321, 

.001 


Hence  MnCl,  =  125.594,  ±  .011.  This,  combined  with 
Berzelius  and  Turner^s  figures,  gives  MnCl,  =  125.598, 
lb  .011.     And  Mn  =  54.858,  ±  .031. 

An  entirely  different  method  of  investigation  was  followed 
by  V.  Hauer,t  who,  as  in  the  case  of  cadmiuln,  ignited  the 
sulphate  in  a  stream  of  sulphuretted  hydrogen,  and  deter- 
mined the  quantity  of  sulphide  thus  formed.  I  subjoin  his 
weighings,  and  also  the  percentage  of  MnS  in  MnSO^  as 
calculated  from  them : 


*  Ann.  Chem.  Pharm.,  113,  25.     i860, 
t  Joum.  filr  Prakt.  Chem.,  72,  360.     1857. 


4-06^6  grm 

Mn 

SO.pi^ 

=  2-3425 

grm 

MnS, 

S7.»'6o 

4-9367 

2.S441 

57.613 

S-S37» 

3.0191 

57.649 

7-00*7 

4-0347 

57.600 

4-917S 

2.8297 

57.543 

4-8S46 

2-79S5 

S7.58S 

4.9978 

2,8799 

57.625 

4-6737 

^■6934 

57.629 

4-7*40 

27197 

57-572 

Mean,  57.608,  ±  .008 

Heme  Mn  =  54.785,  ±  .031. 

This  method  of  v.  Hauer'a,  which  seemed  to  give  good 
results  with  cadmium,  is,  according  to  Schneider,*  inappli- 
cable to  manganese;  for  the  reason  that  the  sulphide  of  the 
latter  metal  is  liable  to  be  contaminated  with  traces  of  oxy- 
sulphide.  Such  an  impurity  would  bring  the  atomic  weight 
out  too  high.  The  results  of  two  different  processes,  one 
carried  out  by  himself  and  the  other  in  his  laboratory  by 
Rawack.  are  given  by  Schneider  in  this  paper. 

Rawack  reduced  manganoso-manganic  oxide  to  manga- 
nous  oxide  by  ignition  in  a  stream  of  hydrogen,  and  weighed 
the  water  thus  formed.  From  his  weighings  I  get  the  values 
in  the  third  column,  which  represent  the  MnjO,  equivalent 
to  one  gramme  of  water : 


4.149  gno-  Mn,0 

e»ve 

0.330  gnu.  H,0. 

12,5727 

4-649 

.370 

12.5643 

6.886s 

.5485         ■■ 

12.5551 

7-356 

■S855         ■■ 

.2.5636 

8.9445 

.713s        '■ 

12.5361 

..584 

.9125 

11.5572 

Hence  Mn  =  53.911,  ±  .026. 

Here  the  most  obvious  source  of  error  lies  in  the  possible 
loss  of  water.  Such  a  loss,  however,  would  increase  the 
apparent  atomic  weight  of  manganese;  but  we  see  that 
the  value  found  is  much  lower  than  that  obtained  either  by 
Dumas  or  v.  Hauer. 
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Schneider  himself  effected  the  combustion  of  manganom 
oxalate  with  oxide  of  copper.  The  salt  was  not  absolutely 
dry,  so  that  it  was  necessary  to  collect  both  water  and  cai- 
bon  dioxide.  Then,  upon  deducting  the  weight  of  water 
from  that  of  the  original  material,  the  weight  of  anhydrous 
oxalate  was  easily  ascertained.  Subtracting  from  this  the 
CO,,  we  get  the  weight  of  Mn.  If  we  put  CO,  =  100, the 
quantities  of  manganese  equivalent  to  it  will  be  foimd  in 
the  last  column : 

1.5075  gnn.  oxalate  gave  .306  grm.  H,0  and  .7445  gnn.  CO,.  61.3835. 

2.253  "  .4555  "  »"35        "  61.4291 

3.1935  "  .652  "  1.5745        "  61.4163 

5.073  "  1.028  "  2.507  "  61.3482 

Mean,  6i.3943.±.oiK 

Hence  Mn  =  53.904,  ±  .014. 

This  result  agrees  beautifully  with  the  value  calculated 
from  Rawack's  experiments. 

Now  to  combine  the  four  independent  values  which  we 
have  thus  far  obtained  : 

From  MnCl, Mn  =  54.858,  dr  .031 

MnSO^ »»    =  54785.  ±:  OS' 

MhjO^ -.  "    =  53.911,  d:  .026 

MnCjO^ "    =  53.904,  =r  .014 

General  mean "    =  54.128,  ±:  .011 

If  O  =  16 '*    =54.251 

The  considerations  already  cited,  however,  go  to  show 
that  this  general  mean  must  be  slightly  affected  by  some 
I)lus  constant  error.  It  is  probable,  therefore,  that  a  more 
correct  figure  will  result  from  rejecting  the  first  and  second 
values  in  the  above  combination,  and  taking  the  data  fur- 
nished by  Rawack  and  Schneider  alone.  Combining  their 
figures,  we  get  as  follows.  Mn  =  53.906,  zi  .012.  Or,  if 
0  =  10,  Mn  =  54.029. 

Since  the  foregoing  calculations  were  made  Dewar  and 
Scott  *  have  reported  the  following  experiments.    From  the 

♦  Nature,  Sept.  15,  1881.  p.  47a 
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complete  analysis  of  silver  permanganate,  putting  Ag  =  108 
and  O  =  16,  they  find  in  three  estimations  Mn  =  55.51, 
54.04,  and  54.45.  From  the  analysis  of  pure  MnOj,  made 
from  the  nitrate,  Mn  =  53.3  to  53.6.  Up  to  the  date  of 
writing  a  detailed  account  of  the  methods  employed  has 
not  been  published. 


IRON. 

The  atomic  weight  of  iron  has  been  determined  almost 
exclusively  from  the  composition  of  ferric  oxide.  Beyond 
this  there  are  only  a  few  comparatively  unimportant  ex- 
periments by  Dumas  relative  to  ferrous  and  ferric  chlorides. 

Most  of  the  earlier  data  relative  to  the  percentage  of  metal 
and  oxygen  in  ferric  oxide  we  may  reject  at  once,  as  set 
aside  by  later  investigations.  Among  this  no  longer  valua- 
ble material  there  is  a  series  of  experiments  by  Berzelius, 
another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
work  done  by  Stromeyer  and  by  Wackenroder  was  probably 
good,  but  I  am  unable  to  find  its  details.  The  former  found 
30.15  per  cent,  of  oxygen  in  the  oxide  under  consideration, 
while  Wackenroder  obtained  figures  ranging  from  a  mini- 
mum of  30.01  to  a  maximum  of  30.38  per  cent.* 

In  1844  Berzelius  t  published  two  determinations  of  the 
ratio  in  question.  He  oxidized  iron  by  means  of  nitric  acid, 
and  weighed  the  oxide  thus  formed.  He  thus  found  that 
when  O  =  100  Fe  =  350.27  and  350.369. 

Hence  the  following  percentages  of  Fe  in  FejOj. 

70.018 
70.022 

Mean,  70.020,  rb  .0013 

About  the  same  time  Svanberg  and  NorlinJ  published 


For  additional  details  concerning  these  earlier  papers  I  must  refer  to  Oude* 
;'  monograph,  pp.  140,  141. 
-f- Ann.  Chem.  Pharm.,  50,  432.     Berz.  Jahresb.,  25,  43. 
Jahresbericht,  25,  42. 


132  THE  ATOMIC  WEIGHTS. 

two  elaborate  series  of  experiments ;  one  relating  to  the 
synthesis  of  ferric  oxide,  the  other  to  its  redaction.  In  the 
fiist  set  pare  piano-forte  wire  was  oxidized  by  nitric  acid, 
and  the  amoant  of  oxide  thos  formed  was  determined.  The 
results  were  as  follows : 

I -5257  grm.  FcgxTc  2.1S03  gim.  Fc,0^        ^-977  perceoL  Fe. 


2.4051 

— 

3-4J90 

4* 

69.936 

2.5212 

•* 

3-Si94 

«a 

69.928 

2-35175 

- 

S-S^^S 

- 

69.96S 

2.2772 

M 

3-2550 

*• 

69.960 

2.47S2 

•* 

3^54iS 

- 

69.970 

2.35&2 

M 

>3720 

•• 

69-935 

Mean.  69.9534.  r=  .0050 

In  the  second  series  ferric  oxide  was  reduced  by  ignition 
in  a  current  of  hydrogen,  yielding  the  subjoined  percentages 
of  metal : 


2.9S353 

gim. 

Fc,0, 

gav« 

2.0S915  grm. 

Fe. 

70.025  per  cen: 

2.4I5I5 

— 

I.6910 

•• 

70.015 

•a 

2-99*75 

•* 

2-09455 

•• 

70-014 

•. 

3.57S3 

** 

2.505925 

•* 

70.030 

•* 

4.1922 

*« 

2-9375 

*• 

70.072 

.. 

3.1015 

•• 

2.17275 

•* 

70-056 

- 

2.6SS6 

•• 

1.SS305 

*. 

70.036 

— 

Mean.  70.0354,  n  .0055 

It  is  evident  that  one  or  both  of  these  series  must  be 
vitiated  by  constant  errors,  and  that  these  probably  arise 
from  impurities  in  the  materials  employed.  Impurities  in 
the  wire  taken  for  the  oxidation  series  could  hardlv  have 
been  altogether  avoided,  and  in  the  reduction  series  it  is 
possible  that  weighable  traces  of  hydrogen  may  have  been 
retained  by  the  iron.  At  all  events  it  is  probable  that  the 
errors  of  both  stories  are  in  contrary  directions,  and,  thep^ 
fore,  in  some  measure  compensatory. 

In  IS44  there  was  also  published  an  important  paper  hj 
Ervimann  and  Marchaud.*    These  chemists  pr^Mired  fenk     ^ 
oxide  by  the  ignition  of  pure  ferrous  oxalate,  and  aabnUllI -J 

♦  TooRL  tur  Pnu.t-  Oujna..  33.  i. 
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it  to  reduction  in  a  stream  of  hydrogen.  Two  sets  of  results 
were  obtained  with  two  different  samples  of  ferrous  oxalate, 
prepared  by  two  different  methods.  For  present  purposes, 
however,  it  is  not  necessary  to  discuss  these  sets  separately. 
The  percentages  of  iron  in  FcjO,  come  out  as  follows : 


70.013 
69.962 
69.979 
70.030 
69.977 

70.044 
70.015 
70.055 


•A. 


B. 


Mean,  70.0094,  d=  .0080 

In  1850  Maumen^'s*  results  appeared.  He  dissolved  pure 
iron  wire  in  aqua  regia,  precipitated  with  ammonia,  filtered 
off  the  precipitate,  washed  thoroughly,  ignited,  and  weighed, 
after  the  usual  methods  of  quantitative  analysis.  The  per- 
centages of  Fe  in  FcjOj  are  given  in  the  third  colunm : 

1.482  grm.  Fe  gave  2. 117  gnn.  Fe,0,.      70.005  per  cent. 
1.452     "     2.074    «*  70.010   " 

1.3585     "     '941     "  69.990 

1.420     '*  2.0285    "  70.002 

1.492     "     2.1315    "      '    69.998 


it 


1.554  "  2.220  "  70.000  " 


Mean,  70.0008,  ±  .0019 

Two  more  results,  obtained  by  Rivotf  through  the  reduc- 
tion of  ferric  oxide  in  hydrogen,  remain  to  be  noticed.  The 
percentages  are : 

6931 
69-35 


Mean,  69.33,  =fc  013 

We  have  thus  before  us  six  series  of  results,  which  we 
may  now  combine. 


♦Compt.  Rend.,  Oct.  17,  1850. 

t  Ann.  Chem.  Pharm.,  78,  214.     1851 
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Beizelias 70.030,    d=  .0013 

Erdmann  and  Bilarcliaiid 70.0094,  d:  .0080 

STanberg  and  Noriin,  Oxyd. ^-9554*  ±z  .0050 

"  Rednc  —  70.0354«  ±z  .0055 

Maomcnd 70.0008,  ±z  .0019 

Rivot 69.33.      =.013 

General  mean 70.0075,  rr  .0010 

From  this  we  get  Fe  =  55.891,  n  .012 ;  or,  if  0  =  16, 
this  becomes  56.0195. 

Dumas''^  resuhs.  obtained  from  the  chlorides  of  iron,  are 
of  so  httle  weight  that  they  might  safely  be  omitted  firom 
our  present  discussion.  For  the  sake  of  completeness,  how- 
ever, we  will  include  them. 

Pure  ferrous  chloride,  ignited  in  a  stream  of  hydrochloric 
acid  gas,  was  dissolved  in  water  and  titrated  with  a  silver 
solution  in  the  usual  way.  One  hundred  parts  of  silver  are 
equivalent  to  the  amounts  of  FeCl,  given  in  the  third 
column: 

3.677  gim.  FeCl;  =  6.23S  gnn-  .\g.  5^94S 

3.924  ••  =  6.6:5        -  58-757 

Mean.  5S.$66,  —  .053 

Ferric  chloride,  titrated  in  the  same  way.  gave  these  re- 
sults : 

1. 179  gim.  Fe.Cl^  =  2.3475  gim.  \g.  50-2^4 

1.242  "  2.471  **  50-263 

Mean*  50.2435,  —  .0132 

These  give  us  two  additional  values  for  Fe.  as  follows: 

Frv^r.i  FeCl, Fe  =  56.02S,  —    119 

••      Fe,Cig ^  =  56.1S0.  —  .062 

Combining  these  with  the  value  deduced  from  the  com- 
position of  FcjOj.  Fe  =  55.S91.  zz  .012.  we  get  this  geoenl 
mean.  Fe  =  55.91S,  =  .Oli  If  O  =  10.  this  becomeB  Fe  = 
56.042. 

♦Ann.  CheEi.  Phinn..  m.  ^.      iS6a 
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The  atomic  weight  of  copper  has  been  chiefly  determined 
from  the  composition  of  the  black  oxide  and  the  anhydrous 
sulphate.  In  dealing  with  the  first  named  compound  all 
experimenters  have  agreed  in  reducing  it  with  a  current  of 
hydrogen,  and  weighing  the  metal  thus  set  free. 

The  earliest  experiments  of  any  value  were  those  of  Ber- 
zelius,*  whose  results  were  as  follows : 

7.68075  grm.  CuO  lost  1.55  grm.  O.         79.820  per  cent.  Cu  in  CuO. 
9.61 15  "  1.939     "  79.826  **  " 

,  Mean,  79.823,  ib  .002 

Erdmann  and  Marchand,t  who  come  next  in  chronologi- 
cal order,  corrected  their  results  for  weighing  in  air.  Their 
weighings,  thus  corrected,  give  us  the  subjoined  percentages 
of  metal  in  CuO : 

63.8962  grm.  CuO  gave  51.0391  grm.  Cu.  79.878  per  cent. 

65.1590  "  52.0363        "  79.860      " 

60.2878  "  48.1540        "  79.874      " 

46.2700  "  36.9449        "  79.846      " 


Mean,  79.8645,  db  .0038 

Still  later  we  find  a  few  analyses  by  Millon  and  Com- 
maille.t  These  chemists  not  only  reduced  the  oxide  by 
hydrogen,  but  they  also  weighed,  in  addition  to  the  metallic 
copper,  the  water  formed  in  the  experiments.  In  three  de- 
terminations the  results  were  as  follows : 

6.7145  gim.  CuO  gave  5.3565  grm.  Cu  and  1.5325  grm.  H,0.  79.775  per  cent. 
3-3945  "  2.7085  "  .7680        "  79-791 

2.7880  **  2.2240  grm.  Cu.  79.770 


It 


Mean,  797787.  ±  -0043 

For  the  third  of  these  analyses  the  water  estimation  was 
not  made,  but  for  the  other  two  it  yielded  results  which,  in 

*  Poggend.  Annal.,  8,  177. 

t  Joum.  f^  Prakt.  Chem.,  31,  389.     1844. 

I  Fresenins'  Zeitschrift,  2,  475.     1863. 
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the  mean,  would  make  the  atomic  weight  of  copper  63.087, 
±  .222.  This  figure  has  so  high  a  probable  error  that  we 
need  not  consider  it  fiirther. 

The  results  obtained  bv  Dumas  *  are  wholly  unavailable. 
Indeed,  he  does  not  even  publish  them  in  detail.  He  merely 
says  that  he  reduced  copper  oxide,  and  also  effected  the 
synthesis  of  the  subsulphide,  but  without  getting  figures 
which  were  wholly  concordant.    He  puts  Cu  =  63.5. 

Latest  of  all.  and  probably  the  best  also,  we  have  the  de- 
terminations by  Hampe.t    First,  he  attempted  to  estimate 
the  atomic  weight  of  copper  by  the  quantity  of  silver  which 
the  pure  metal  could  precipitate  from  its  solutions.    This 
attempt  failed  to  give  satis&ctory  results,  and  he  fell  back 
upon  the  old  method  of  reducing  the  oxide.     From  ten  'to 
twenty  grammes  of  material  were  taken  in  each  experiment, 
and  the  weights  were  reduced  to  a  vacuum  standard : 

20.3260  gnn.  CaO  gave  16.2279  gnn.  Ca.         79*838  per  cent. 
20.6$S5i  "  16.51669      -  79-835 

10.10793  *'  S.06926      "  79-831       •* 

Mean,  79-8347»  =  -ooiS 

Hampe  also  determined  the  quantity  of  t-opper  in  the 
anhydrous  sulphate,  CuSO^ .  From  40  to  45  grammes  of  the 
Siilt  were  taken  at  a  time,  the  metal  was  thrown  down  by 
electrolysis,  and  the  weights  were  all  corrected.  I  subjoin 
the  results : 

40.40300  grm.  CuSO^  gave  16.0405S  gna.  Cc.     39.724  per  cent. 
44.642S0  17.73466        -  39.726       - 

Meia.  39.725.   r=  .0007 

We  now  have  four  series  of  experiments  upon  copper 
oxide,  as  follows : 

l>crrel:u> 79-523.    —    ooio 

Erlsir.::  and  Marchani 7>j}.S645.  rr  .003S 

M;!:r-  ind  Conisaail!* 79  77^7.  :=r  •OQ43 

Haapc.- 79-\U7.  =   OOIJ 

General  cx-an 70.S30.    r=  .OOIO 


*  .\:ir.  i.  Ch:=.  e:  Fhv>..    ;.    55,  i, 
▼  Fre*en:u>*  Zeiischn^  13.  352. 
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For  copper  we  have— 

From  composition  of  CuQ Cu  =  63.181,  d=  .036 

"     CUSO4,  (Hampe) "  =  63.171,  d=  .012 

General  mean "  =  63.173,  dr  .oil 

If  0  =  16,  then  Cu  becomes  =  63.318.  ' 

The  close  agreement  between  thfe  two  independent  values 
for  Cu  is  certainly  very  striking.  It  will  be  seen  that 
Hampers  two  estimates  upon  the  sulphate  carry  (perhaps 
accidentally)  much  greater  weight  than  all  the  experiments 
upon  the  oxide.  This  might  seem  like  giving  them  undue 
credit,  were  it  not  for  the  fact  of  the  remarkable  concordance 
of  the  results  above  referred  to.  Either  estimate  for  Cu 
would  be  valid  without  the  other. 


MOLYBDENUM. 

If  we  leave  out  of  account  the  inaccurate  determination 
made  by  Berzelius,*  we  shall  find  that  the  data  for  the 
atomic  weight  of  molybdenum  lead  to  two  independent  esti- 
mates of  its  value ;  one  near  92,  the  other  near  96.  The 
earlier  results  found  by  Berlin  and  by  Svanberg  and  Struve 
lead  to  the  lower  number ;  the  more  recent  work  of  Debray, 
Dumas,  and  Lothar  Meyer  sustains  the  higher.  The  latter 
value  is  the  more  probable,  although  both  may  be  vitiated 
by  constant  errors  in  opposite  directions. 

The  earliest  investigation  which  we  need  especially  to 
consider  is  that  of  Svanberg  and  Struvcf  These  chemists 
tried  a  variety  of  different  methods,  but  finally  based  their 
conclusions  upon  the  two  following:  first,  molybdenum 
trioxide  was  fused  with  potassium  carbonate,  and  the  car- 
bon dioxide  which  was  expelled  was  estimated ;  secondly, 
molybdenum  disulphide  was  converted  into  the  trioxide  by 

*Poggend.  Aimal.,  8,  i.     1826. 

t  Jonrn.  filr  Plakt.  Chem.,  44,  301.     1848. 
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roasting,  and  the  ratio  between  the  weights  of  the  two  sub- 
stances was  determined. 

By  the  first  method  it  was  found  that  100  parts  of  MoO, 
will  expel  the  following  quantities  of  COj : 

31.4954 
31.3749 
31.4705 


Mean,  31.4469,  d:  .0248 

The  carbon  dioxide  was  determined  simply  firom  the  loss 
of  weight  when  the  weighed  quantities  of  trioxide  and  car- 
bonate were  fused  together.  It  is  plain  that  if,  under  these 
circumstances,  a  little  of  the  trioxide  should  be  volatilized, 
the  total  loss  of  weight  would  be  slightly  increased.  A  con- 
stant error  of  this  kind  would  tend  to  bring  out  the  afomic 
weight  of  molybdenum  too  low. 

By  the  second  method,  the  conversion  by  roasting  of  MoS, 
into  MoO  8,  Svanberg  and  Struve  obtained  these  results. 
Two  samples  of  artificial  disulphide  were  taken,  A  and  B. 
and  yielded  for  each  hundred  parts  the  following  of  triox:ide: 

89-79»9  1  ^ 
89.7291  / 


89.6436 
89.7082 
89.7660 
89.7640 
89.8635 


B. 


Mean,  89.7523,  ±  .0176 

Three  other  experiments  in  series  B  gave  divergent  re- 
sults, and,  although  published,  are  rejected  by  the  authors 
themselves.  Hence  it  is  not  necessary  to  cite  them  in  this 
discussion.  We  again  encounter  in  these  figures  the  same 
source  of  constant  error  which  apparently  vitiates  the  pre- 
ceding series,  namely,  the  possible  volatilization  of  the 
trioxide.  Here,  also,  such  an  error  would  tend  to  reduce 
the  atomic  weight  of  molybdenum. 

Upon  discussing  the  data  given  in  the  foregoing  pan* 
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graphs  we  get  somewhat  noticeable  results.  From  the  car- 
bon dioxide  series,  Mo  =  91.711,  ±  .113,  a  figure  having  no 
unusual  interest.  From  the  other  series,  if  S  =  31.987  and 
O  =  15.9633,  we  get  Mo  =  92.979,  ±  .354 ;  but  if  we  take 
S  =  32  and  0  =  16,  then  Mo  becomes  =  92.133.  In  this 
case  the  higher  values  for  oxygen  and  sulphur  lead  to  a 
lower  number  for  molybdenum.  In  the  carbonate  series 
the  assumption  of  12  and  16  for  C  and  0,  respectively,  makes 
Mo  ^  92.033.  In  other  words,  if  we  assume  the  ordinary 
even  numbers  for  C,  0,  and  S,  Svanberg  and  Struve's  two 
methods  yield  more  nearly  concordant  results  than  when 
the  revised  values  for  these  elements  are  taken. 

Berlin,*  a  little  later  than  Svanberg  and  Struve,  deter- 
mined the  atomic  weight  of  molybdenum  by  igniting  a 
molybdate  of  ammonium  and  weighing  the  residual  MoOj. 
Here,  again,  a  loss  of  the  latter  by  volatilization  may  (and 
probably  does)  lead  to  too  low  a  result.  The  salt  used  was 
(NH4)4Mo,Ox ,.  3  H,0,  and  in  it  these  percentages  of  M0O3 
were  found : 

81.598 
81.612 
81.558 

81.55s 


Mean,  81.581,  dz  -oogs 

Hence  Mo  =  91.9817,  ±  .0776 ;  a  result  agreeing  quite 
well  with  those  of  Svanberg  and  Struve. 

Until  1859  the  value  92  was  generally  accepted  on  the 
basis  of  the  foregoing  researches,  but  in  this  year  Dumas  t 
published  some  figures  tending  to  sustain  a  higher  number. 
He  prepared  molybdenum  trioxide  by  roasting  the  disulph- 
ide,  and  then  reduced  it  to  metal  by  ignition  in  hydrogen. 
At  the  beginning  the  hydrogen  was  allowed  to  act  at  a 
comparatively  low  temperature,  in  order  to  avoid  volatiliza- 
tion of  trioxide ;  but  at  the  end  of  the  operation  the  heat 


♦  Joum.  fUr  Prakt.  Chem.,49,  444.     1850. 
t  Ann.  Chem,  Pharm.,  105,  84,  and  113,  23. 
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was  raised  sufficiently  to  insure  a  complete  reduction.    From 
the  weighings  I  calculate  the  percentages  of  metal  in  MoO|: 

.44S  grm.  MoOj  gave  .299  grm.  Mo.  ^-741  per  ceoL 

66.736  " 
66.529  ** 
66.667  " 
66.726  " 
66.495      - 


484 

i* 

3^3 

t* 

484 

M 

.322 

u 

498 

•t 

•332 

M 

559 

« 

•373 

« 

388 

t* 

.258 

•< 

Mean,  66.649,  ^  -^30 

In  1868  the  same  method  was  employed  by  Debray.*  His 
trioxide  was  purified  by  sublimation  in  a  platinum  tube. 
His  percentages  are  as  follows : 

5.514  gnn.  MoO,  gavfe  3.667  grm.  Mo.  66.503  per  cent. 

7.910  "  5-265        **  66.561 

9.031  **  6.015        "  66.604 


Mean,  66.556,  :^  .020 

This  mean,  combined  with  that  of  Dumas',  gives  a  gen- 
eral mean  of  66.585,  ±:  .017. 
Hence  Mo  =  95.429,  it  .057. 

Debray  also  made  two  experiments  upon  the  precipitation 
of  molybdenum  trioxide  in  ammoniacal  solution  by  nitrate 
of  silver.  In  his  results,  as  published,  there  is  curious  dis- 
crepancy, which,  I  have  no  doubt,  is  due  to  typographical 
error.  These  results  I  am,  therefore,  compelled  to  leave  out 
of  consideration.  They  could  not,  however,  exert  a  very 
profound  influence  upon  the  final  discussion. 

The  most  recent  investigation  upon  the  atomic  weight  of 
molybdenum  is  the  discussion  by  Lothar  Meyer  f  of  the 
experimental  results  obtained  by  Liechti  and  Kemp|  in 
their  analyses  of  the  chlorides.  Of  these  compounds  there 
arc  four:  MoCl  2,  M0CI3,  MoCl^,  and  M0CI5.  The  chlorine  in 
each  was  estimated  as  silver  chloride,  and  the  molybdenum 
as  disulphide.     From  these  analyses  Meyer  deduces  three 

*  Compt.  Rend.,  66,  734. 

t  .\nn.  Chcm.  Pharm.,  169,  365,     1873. 

J  Ann.  Chcm.  Fhann.,  169,  344. 
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^ts  of  ratios,  namely :  between  MoCln  and  n  AgCl ;  between 
MoCln  and  MoS,,  and  between  MoSj  and  n  AgCl.  We  will 
use  only  the  first  and  last  of  these ;  the  probable  error  of 
the  atomic  weight  deduced  from  the  second  being  relatively 
so  high  as  to  make  the  value  connected  with  it  compara- 
tively unimportant.  The  analyses  of  the  trichloride,  being 
discordant,  are  here  rejected. 

By  reducing  the  weighings  published  by  Liechti  and 
Kemp  *  to  a  common  standard  we  get  the  following  per- 
<!entage  results.  In  MoCl,  the  subjoined  quantities  of  the 
-original  substance  and  of  MoS,  correspond  to  100  parts  of 
AgCl: 

MoCi^.  MoSy 

58.299  55.762 

58.194  55-59" 

58.524  56.065 


Mean,  58.339,  d^  .066  Mean,  55.806,  d=  .093 

Hence  MoCl,  =  166.902,  ±  .188,  and  MoS,  =  159.652, 
:  .268. 


With  the  tetrachloride  similarly  calculated  we  get  these 
figures,  corresponding  to  100  parts  AgCl : 

MoCl^.  .  AfoS^. 

41.492  27.957 

4i.3'9 


Mean,  41.4055,  ±  .0583 

Hence  MoCl^  =  236.914,  ±  .358,  and  MoS„  if  given  the 
weight  of  a  single  experiment  in  the  dichloride  series, 
=  159.964,  ±:  .627. 


*  These  are  as  follows : 

•2666  gnn.  MoCl,  gave  .2550  grm. 
.1811               •«               .1730 

MoS, 
« 

and 

•4573  g™- 
.3112 

Aga. 

.3530               «               .2422 
.4126  gnn.  M0CI4  gave  .2780 

.1923               "                

.5810  gnn.  MoCl|  gave  .3414 
.2466               **               .1441 

n 
(1 
tt 
tt 

.4320 

.9944 

.4654 
1.5222 

.6465 
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For  the  pentachloride  the  following  quantities  balanee 
lOOof  AgCl: 

38.168  22.428 

38.057  22.289 

Mean,  38.112,  ±  .038  Mean,  22.3585,  dz  .040 

Hence  MoCl,  =  272.587,  ±  .271,  and  MoS,  =  159.914, 

±  .287. 

We  have  now  the  molecular  weight  of  each  chloride,  and 
three  values  for  that  of  the  disulphide.  Combining  the  lat- 
ter we  get  a  general  mean,  as  follows : 

From  MoClj  series MoS,  =  159.652,  rt  .268 

"     M0CI4     **     **      =  159-964,  db  .627 

"     M0CI5     »*     »•     =  i59-9'4>  ±    287 

General  mean "     =  I59-790,  dr  .187 

With  these  data,  in  addition  to  those  given  by  Dumas 
and  by  Debray,  we  get  five  estimates  o1^  the  atomic  weight 
of  molybdenum : 

Dumas  and  Debray's  data Mo  =  95.429,  d=  .057 

From  molecular  weight  of  MoClj '*    -=■  96.262,  nr  .190 

MoCl, "    =  95-434.  It  .363 

MoS, —  '*    =  95.816,  ±:  .188 


t<  it 


'*  MoCL **    =  95.737,  d=  .280 


t<  it 


General  mean "    =  95.527,  rfc  .051 

Or,  if  O  =  IG,  Mo  =  95.747. 

It  will  at  once  be  seen  that  the  most  reliable  results  are 
those  obtained  by  the  reduction  of  molybdenum  trioxide. 
Traces  of  oxychlorides  may  possibly  have  contaminated  the 
chlorides  and  augmented  their  atomic  weight.  Our  final 
figure,  therefore,  may  be  a  trifle  too  high,  but  the  early 
value,  92,  is  unquestionably  very  far  too  low. 

Since  the  foregoing  discussion  was  written  a  single  experi- 
ment by  Rammelsber^  *  has  been  brought  to  my  notioe. 

*  Berlin  Monatsbericht,  1877,  574. 
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Closely  following  Dumas'  method,  he  reduced  molybdenum 
trioxide  to  metal,  finding  in  it  66.708  per  cent,  of  the  latter. 
This  figure  comes  within  the  limits  of  variation  of  Dumas' 
experiments,  and  therefore  gives  them  additional  confirma- 
tion. Its  introduction  into  the  general  mean,  however, 
would  exert  too  little  influence  upon  the  latter  to  justify  the 
labor  of  recalculation. 


TUNGSTEN. 


The  atomic  weight  of  tungsten  has  been  determined  from 
analyses  of  the  trioxide,  the  hexchloride,  and  the  tungstates 
of  iron,  silver,  and  barium. 

The  composition  of  the  trioxide  has  been  the  subject  of 
many  investigations.  Malaguti  *  reduced  this  substance  to 
the  blue  oxide,  and  firom  the  difference  between  the  weights 
of  the  two  compounds  obtained  a  result  now  known  to  be 
considerably  too  high.  In  general,  however,  the  method  of 
investigation  has  been  to  reduce  WO 3  to  W  in  a  stream  of 
hydrogen  at  a  white  heat,  and  afterwards  to  reoxidize  the 
metal,  thus  getting  from  one  sample  of  material  two  results 
for  the  percentage  of  tungsten.  This  method  is  unquestion- 
ably accurate,  provided  that  the  trioxide  used  be  pure. 

The  first  experiments  which  we  need  consider  are,  as 
usual,  those  of  Berzelius.f  899  parts  WO 3  gave,  on  reduc- 
tion, 716  of  metal.  676  of  metal,  reoxidized,  gave  846  WOg. 
Hence  these  percentages  of  W  in  WO  3 : 

79.644,  by  reduction. 
79.905,  by  oxidation. 

Mean,  79-7745»  ±  -oSSo 

These  figures  are  far  too  high,  the  error  being  undoubt- 
edly due  to  the  presence  of  alkaline  impurity  in  the  trioxide 
employed. 

*  Joum.  rur  Prakt.  Chem.,  8,  179.     1836. 
t  Poggend.  Annal.,  8,  i.     1826. 
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Next  in  order  of  time  comes  the  work  of  Schneider,*  who, 
with  characteristic  carefidness,  took  every  precaution  to  got 
pure  material.    His  percentages  of  tungsten  are  as  follows: 

Reduction  Series. 
79.336 
79254 
79.3»2 
79.326 

79-350 
Mean,  79.3156,  ^  .0112 

Oxidation  Series, 

79.329 
79.324 
79.328 


Mean,  79.327,  rb  .OOIO 

Closely  agreeing  with  these  figures  are  those  of  Marchand.*^ 
published  in  the  following  year : 

Reduction  Series. 

79.307 
79.302 

Mean,  793045*  -0017 

Oxidation  Series. 
79.321 
79352 


Mean,  79-3365.  :t  -0105 

The  figures  obtained  by  v.  Borcht  agree  in  mean  tolerably 
well  with  the  foregoing.     They  are  as  follows : 

Reduction  Series, 
79.310 
79.212 
79.289 

79.313 
79.225 

79.290 

79.302 


Mean,  79.277,  dr  .0106 


*  Joum.  filr  Prakt.  Chem.,  50,  152.     1850. 
t  Ann.  Chem.  Pharm.,  77,  261.     1851. 
J  Journ.  fUr  Prakt.  Chem.,  54,  254.     1851. 
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Oxidation  Strips. 

79'3S9 
79339 


Mean,  79.349*  ^  '<^7 

Dumas  *  gives  only  a  reduction  series,  based  upon  trioxide , 
obtained  by  the  ignition  of  a  pure  ammonium  tungsten. 
The  reduction  was  effected  in  a  porcelain  boat,  platinum 
being  objectionable  on  account  of  the  tendency  of  tungstate 
to  alloy  with  it.  Dumas  publishes  only  weighings,  from 
which  I  have  calculated  the  percentages : 


2.784 

grm. 

WO, 

igavc 

2.208 

grm.  W. 

79.310  per  cent. 

2.994 

2.373 

79.259      " 

4.600 

3-649 

79.326      " 

.985 

.781 

79.289      " 

•917 

•727 

79.280      " 

.917 

.728 

79.389      " 

1. 717 

1.^2 

79.324      " 

2.988 

2.370 

79.3»7      " 

Mean,  79.312,  d=  .009 

The  data  furnished  by  BernouUif  differ  widely  from  those 
just  given.  This  chemist  undoubtedly  worked  with  impure 
material,  the  trioxide  having  a  greenish  tinge.  Hence  the 
results  are  too  high.    These  are  the  percentages  of  W  : 

Reduction  Series. 

79.556 
79.526 

79-553 
79.558 

79-549 
78.736 

Mean,  79.413.  ±  -09' 

Oxidation  Series. 

79.558 
79.656 

79.555 
79.554 


Mean,  79.581,  d:  .017 


*  Ann.  Chem.  Pharm.,  113,  23.     i860, 
t  Poggend.  Annal.,  ill,  573.     i860. 

10 
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Two  reduction  experiments  by  Persoz  *  give  the  following 
results : 

1.7999  6T™-  ^^0,  gave  1.4274  gnn.  W.  79- 304  per  cent. 

2.249  "  1.784  "  79-324      " 

Mean,  79.314*  ±  .007 

Finally,  we  have  the  work  done  by  Roscoe.t  This  chem- 
ist used  a  porcelain  boat  and  tube,  and  made  six  weighings, 
after  successive  reductions  and  oxidations,  with  the  same 
sample  of  7.884  grammes  of  trioxide.  These  weighings 
give  me  the  following  five  percentages,  which,  for  the  sake 
of  uniformity  with  foregoing  series,  I  have  classified  under 
the  usual,  separate  headings : 

Reduction  Series, 

79.196 
79.285 
79308 

Mean,  79.263,  d=  .023 

Oxidation  Series. 

79230 
79.299 

Mean.  79.2645,  d:  .0233 

There  are  still  other  experiments  by  Riche,t  which  I  have 
not  been  able  to  get  in  detail.  They  cannot  be  of  any  value, 
however,  for  they  give  to  tungsten  an  atomic  weight  of  about 
ten  units  too  low.  We  may  therefore  neglect  this  series, 
and  go  on  to  combine  the  others : 

Berzelius 79-7745.  :ir  .08S 

Schneider,  Reduction 79- 3 '56,  zn  .0112 

"  Oxidation —  79-327.    dr  .0010 

Marchand,  Reduction ' 79-3045,  i  .0017 

"         Oxidation 79-33^5.  =t  .0105 

V.  Borch,  Reduction 79-277,    =  .0106 

••         Oxidation 79-349.    d=  .0067 


*  Zeit.  Anal.  Chem.,  3.  260.     1S64. 

t  Ann.  Chem.  Phann..  162,  36S.     1872. 

X  Joum.  fiir  Prakt.  Chem.,  69,  10.     1857. 
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Dumas 79-3>2,    db  .009 

Bernouilli,  Reduction 79-413*    dr  .091 

"  Oxidation 79- 581,    ±.017 

Persoz 79'3>4»    ±  .007 

Roscoe,  Reduciion 79*263,    d:  .023 

••       Oxidation 792645,  ±  .0233 

General  mean 79-3215,  rfc  .00085 

The  rejection  of  the  figures  given  by  Berzelius  and  by 
Bernoulli  exerts  an  unimportant  influence  upon  the  final 
result.  There  is,  therefore,  no  practical  objection  to  retain- 
ing them  in  the  discussion. 

In  1861  Schdbler  *  deduced  the  atomic  weight  of  tungsten 
from  analyses  of  barium  metatungstate,  BaO.4WO8.9H2O. 
In  four  experiments  he  estimated  the  barium  as  sulphate, 
getting  closely  concordant  results,  which  were,  however,  very 
far  too  low.  These,  therefore,  are  rejected.  But  from  the 
|>ercentage  of  water  in  the  salt  a  very  good  result  was 
attained.    The  percentages  of  water  are  as  follows : 

>3053 

13054 

>3045 
13.010 

13.022 
Mean,  13.0368,  db  .0060 

The  work  of  Zettnow,t  published  in  1867,  was  somewhat 
more  complicated  than  any  of  the  foregoing  researches.  He 
prepared  the  pure  tungstates  of  silver  and  of  iron,  and  from 
their  composition  determined  the  atomic  weight  of  tungsten. 

In  the  case  of  the  iron  salt  the  method  of  working  was 
this:  The  pure,  artificial  FeW04  was  fused  with  sodium 
carbonate,  the  resulting  sodium  tungstate  was  extracted  by 
water,  arfd  the  thoroughly  washed,  residual  ferric  oxide  was 
dissolved  in  hydrochloric  acid.  This  solution  was  then  re- 
duced by  zinc,  and  titrated  for  iron  with  potassium  perman- 
ganate.    Corrections  were  applied  for  the  drop  in  excess  of 

•  Journ.  fUr  Prakt.  Chem.,  83,  324. 
f  Poggend.  Annal..  130,  30. 
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permanganate  needed  to  produce  distinct  reddening,  and 
for  the  iron  contained  in  the  zinc.  11.956  grammes  of  the 
latter  metal  contained  iron  corresponding  to  0.6  cc.  of  the 
standard  solution.  The  permanganate  was  standardized 
by  comparison  with  pure  ammonium-ferrous  sulphate, 
Am2Fe(S04)2.  6  H,0,  so  that,  in  point  of  fact,  Zettnow  es- 
tablishes directly  only  the  ratio  between  that  salt  and  the 
ferrous  tungstate.  From  Zettnow's  four  experiments  in 
standardizing  I  find  that  1  cc.  of  his  solution  corresponds  to 
0.0365457  grammes  of  the  double  sulphate,  with  a  probable 
error  of  ±  .0000012, 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity 
of  ferrous  tungstate  was  treated  according  to  the  process 
given  above ;  the  iron  solution  was  diluted  to  500  cc,  and 
four  titrations  made  upon  100  cc.  at  a  time.  The  second 
set  was  like  the  first,  except  that  three  titrations  were  made 
with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two 
titrations  upon  100  cc.  each  were  made.  In  sets  one  and 
two  thirty  grammes  of  zinc  were  used  for  the  reduction  of 
each,  while  in  number  three  but  twenty  grammes  were  taken. 
Zettnow's  figures,  as  given  by  him,  are  quite  complicated ; 
therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tung- 
state, in  grammes,  correspond  to  1  cc  of  permanganate 
solution : 

.028301 


First  set. 


.028291 
.028311 
.028301 

.028367 
.028368 
.028367  j- Second  set. 

.028367 

.028438  \  Third  set. 
.028438  f 


Mean,  .0283549,  dr  .0000115 

With  the  silver  tungstate,  Ag,W04,  Zettnow  employed 
two  methods.    In  two  experiments  the  substance  was  de- 


,1 
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composed  by  nitric  acid,  and  the  silver  thus  taken  into  solu- 
tion was  titrated  with  standard  sodium  chloride.  In  three 
others  the  tungstate  was  treated  directly  with  common  salt, 
and  the  residual  silver  chloride  collected  and  weighed. 
Here  again,  on  account  of  some  complexity  in  Zettnow's 
figures,  I  am  compelled  to  reduce  his  data  to  a  common 
standard.  To  100  parts  of  AgCl  the  following  quantities  of 
Ag,W04  correspond: 

By  First  Method. 

161.665 
161.603 


Mean,  161.634,  d=  .021 

By  Second  Method, 

161.687 
161. 651 
161.613 


Mean,  161.650,  ±  .014 
General  mean  from  both  series,  161.645,  d=  .012 

Finally,  we  have  two  analyses  by  Roscoe  of  tungsten  hex- 
chloride,  published  in  the  same  paper  with  his  results  upon 
the  trioxide.  In  one  experiment  the  chlorine  was  deter- 
mined as  AgCl ;  in  the  other  the  chloride  was  reduced  by 
hydrogen,  and  the  residual  tungsten  estimated.  By  bring- 
ing both  results  into  one  form  of  expression  we  have  for  the 
percentage  of  chlorine  in  WCl^ :  * 

53.588 
53.632 


Mean,  53.610,  di  .015 

We  have  now  five  ratios  from  which  to  calculate  the 
atomic  weight  of  tungsten : 

(I.)  Percentage  of  W  in  WOj,  79.3215,  dr  .00085 

(2.)  Percentage  of  H,0  in  Ba0.4WOj.9H,0,  13.0368,  ±  .0060 

*  The  actual  figures  are  as  follows  : 

'9'57<X)  gnn.  WCl^gave  42.4127  grm.  AgCl. 
10.4326  "  4.8374      "     tungsten. 
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(3.)  Ain,Fe(S04),.6H,0  :  FeWO^  :  :  .0365457,  ±  .oooooia  :  .0283549,  ± 

.0000115 
(4.)  AgCl  :  AgjWO^  : :  lOO  :  161.645,  ±  .012 
(5.)  Percentage  of  CI  in  WCl,,  53.610,  d:  .015 

From  these  we  get  five  values  for  tungsten,  as  follows : 

From  (i) W  =  183.703,  ±  .041 

"  (2) "  =  183.532,  ±  .156 

"  (3)— —  "  =  183.923,  ±  .120 

"  (4) - ~  "  =  183-248.  dt  .069 

"  (5) —  "  =  183.639.  ±  .109 

General  mean "  =  183.610,  db  .032 

Or,  if  O  =  16,  then  «*  =  184.032 


URANIUM. 

It  is  not  the  purpose  of  the  present  investigation  to  ex- 
amine at  all  systematically  such  questions  as  are  involved 
in  the  discussion  whether  the  atomic  weight  of  uranium  is 
120  or  240.  For  convenience  we  may  use  the  formulae  baseil 
upon  the  smaller  number,  and,  if  eventually  the  larger  value 
proves  to  be  correct,  it  will  be  easy  to  double  the  figurts 
which  we  obtain.  Suffice  it  to  say  here,  that  the  specific- 
heat  of  the  green  oxide,  according  to  Donath,*  agrees  best 
with  the  formula  U3O4  and  the  lower  atomic  weight.  On 
the  other  hand,  the  value  240  fits  best  into  such  schemes  as 
that  given  by  Mendelejeff  in  his  paper  on  the  periodic  law. 
An  accurate  determination  of  the  specific  heat  of  the  metal 
itself  is  much  needed,  for  the  material  witli  wliich  RegnauU 
worked  was  of  uncertain  quality ;  furthermore,  the  vapor 
density  of  some  volatile  uranium  compounds  ought  to  be 
ascertained.f     Until  some  such   data  have  been   rigidly 

*Ber.  d.  Deutsch.  Chem.  Gesell.,  12,  742.     1879. 

t  The  value  of  240  for  uranium  is  strongly  sustained  by  the  recent  experimeDts 
of  Zimmermann  upon  the  vapor  density  of  the  tetrachlorid  and  tetnibromid.  For 
UBr^  the  vapor  density  is  19.46,  while  theor)*  (U  =  240)  requires  19.J6. 
UQ4  the  V.  d.  13.33  ^^  found.  Theor)',  13.21.  (Ber.  der  Deatsch. 
Gesell.,  14,  s.  1934.     1881.) 
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established  the  coatroversy  over  the  two  rival  valuea  can 
hardly  be  satisfactorily  settled. 

The  earlier  attempts  to  determine  the  atomic  weight  of 
uranium  were  all  vitiated  by  the  erroneous  supposition  that 
the  uranous  oxide  was  rt-ally  the  metal.  The  supposition, 
of  course,  docs  not  affect  the  weighings  and  analytical  data 
wtiich  wer«  obtained,  although  thrae,from  their  discordance 
with  ouch  other  and  with  later  and  better  results,  have  now 
only  a  historical  value. 

For  present  purposes  the  det«rminatioii8  made  by  Berze- 
Iiu8,*  by  Arfvedson.t  and  by  Marchand.I  may  be  left  quite 
out  of  account.  Berzeliusemployed  various  methods,  while 
the  others  relied  upon  estimating  the  [wrcentage  of  oxygen 
l«»t  upon  the  reduction  of  UjO,  to  UO.  Rammclsberg's || 
results  also,  although  very  suggestive,  need  no  full  discus- 
sion. He  analyzed  the  green  chloride,  UCl, ;  etfectod  the 
synthesis  of  uranyl  sulphate  from  lyanous  oxide ;  determined 
'tko  amount  of  residue  left  upon  the  ignition  of  the  sodio 

ind  bario-uranic  acetates ;  estimated  the  quantity  of  mag- 
nesium aranate  formed  from  a  known  weight  of  UO,  and 
atteraptfid  also  to  fix  the  ratio  between  the  green  and  the 
block  oxides,     His  figures  vary  so  widely  that  they  could 

M>ant  for  little  in  the  establishing  of  any  general  mean ; 

md,  moreover,  they  lead  to  estimates  of  the  atomic  weight 
which  are  mostly  below  the  true  value.  For  instance,  twelve 
lots  of  U.O,  from  several  different  sources  were  reduced  to 
UO  by  heating  in  hydrogen.    The  percentages  of  loss  voried 

rom  3^3  to  4.67,  the  mean  being  4.121.    These  figures  give 

ralnes  for  the  atomic  weight  of  uranium  ranging  from  92.06 

I  117.65,  or,  in  mean,  107.50.    Such  discordance  is  due 

virtW  to  impurity  in  some  of  the  material  studied,  and 
lUuatrates  the  difficulties  inherent  in  the  problem  to  be 

iotT«d.    Some  of  the  uranoso-uranic  oxide  was  prepared  by 


•ScfcTtlgg.  Jonrn.,  aa.  336.     tSiS.     Pogccnd.  Annal.,  t.  359.     1815. 

tPoggemd.  Anml.,  1,145.     Ben.  Jahr.,  3,  120.     1S22. 

t  JiMm.  (Or  Praki.  Chem..  23,  497-     '841. 

|hs*i>^  Annal..  Jj.  318.  1842;  5G,  115,  18421  59,  g,  (343:  66,  91.  1S45. 

Mm.  (9r  Pimkl.  Chein..  29,  324. 
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calcining  the  oxalate,  and  retained  an  admixture  of  car- 
bon. Many  such  points  were  worked  up  by  RammelsbeTg 
with  much  care,  so  that  his  papers  should  be  scrupulously 
studied  by  any  chemist  who  contemplates  a  redetermination 
of  the  atomic  weight  of  uranium. 

In  1841  and  1842  Peligot  published  certain  papers  *  show- 
ing that  the  atomic  weight  of  uranium  must  be  somewhere 
near  120.  A  few  years  later  the  same  chemist  published 
fuller  data  concerning  the  constant  in  question,  but  in  the 
time  intervening  between  his  earlier  and  his  final  researches 
other  determinations  were  made  by  Ebelmen  and  by  Wer- 
theim.  These  investigations  we  may  properly  discuss  in 
chronological  order.  For  present  purposes  the  early  work 
of  Peligot  may  be  dismissed  as  only  preliminary  in  charac- 
ter. It  showed  that  what  had  been  previously  regarded  as 
metallic  uranium  was  in  reality  an  oxide,  but  gave  figures 
for  the  atomic  weight  o{  the  metal  which  were  merely 
approximations. 

Ebelmen 'sf  determinations  of  the  atomic  weight  of  urani- 
um were  based  upon  analyses  of  uranic  oxalate.  This  salt 
was  dried  at  100°,  and  then,  in  weighed  amount,  ignited  in 
hydrogen.  The  residual  uranous  oxide  was  weighed,  and 
in  some  cases  converted  into  U3O4  by  heating  in  oxygen. 
The  following  weights  are  reduced  to  a  vacuum  standard: 

10.1644  grm.  oxalate  gave  7.2939  grm.  UO. 

**  Gain  on  oxidation.  .36S5 


12.9985 

9.33«2 

II.S007 

8.4690 

99923 

7>73> 

11.0887 

7.9610 

10.0830 

7.2389 

6.7940 

4.8766 

16.0594 

11.5290 

.3275 

.2812 

.3>o5 


**  «• 


453* 


Reducing  these  figures  to  percentages,  we  may  present 
the  results  in  two  columns.  Column  A  gives  the  percentages 
of  UO  in  the  oxalate,  while  B  represents  the  amount  of 
U3O4  formed  from  100  parts  of  UO: 


♦Compt.  Rend.,  12,  735.     1S41.      Ann.  Chim.  Phys.,  (3,)  55.      1 
t  Joum.  rUr  Prakt.  Chem.,  27,  385.     1842. 
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A. 

B. 

71.924 

71.787 

4 

103.949 

71.767 

103.867 

71.621 

103.920 

71.794 

103.900 

71.793 

/ 

71.778 

— -.— 

71.790 

103.930 

153 


Mean,  71.782,  d=  .019  Mean,  103.913,  dc  .009 

From  column  A,  the  molecular  weight  of  UO  =  134.523,  zt  -102 
B,  "  "  =r  135.985,  ±  .3^6 


General  me^ . UO  =  134.652,  dz  .097 

From  column  A U  =  118.560 

••  B "  =  120.022 

From  general  mean  of  both  columns  ..**  =  118.689,  d=  .097 

Wertheim's*  experiments  were  even  simpler  in  character 

than  those  of  Ebelmen.     Sodio-uranic  acetate,  carefully 

dried  at  200®,  was  ignited,  leaving  the  following  percentages 

of  sodium  uranate: 

67.51508 
67.54558 
67.50927 


Mean,  67.52331,  d=  .0076 

Hence  the  molecular  weight  of  Na2U4  07  =  634.865, 
zt  .191.    And  U  =  119.282,  ±  .048. 

The  final  results  of  Peligot'sf  investigations  appeared  in 
1846.  Both  the  oxalate  and  the  acetate  of  uranium  were 
studied  and  subjected  to  combustion  analysis.  The  oxalate 
was  scrupulously  purified  by  repeated  crystallizations,  and 
thirteen  analyses,  representing  difierent  fractions,  were  made. 
Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crys- 
tallizations, need  to  be  considered.    In  these  the  uranium 

*  Jonm.  f&r  Prakt.  Chem.,  29,  209.     1843. 
t  Compt.  Rend.,  22,  487. 
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was  weighed  as  U8O4,  and  the  carbon  as  CO,.  Fromth^ 
ratio  between  the  CO,  and  UjO^  the  atomic  weight  (p^ 
uranium  may  be  calculated  without  involving  any  erKK . 
due  to  traces  of  moisture  possibly  present  in  the  oxalate 
I  subjoin  Peligot's  weighings,  and  give,  in  the  third  coluini^ 
the  UgO^  proportional  to  100  parts  of  CO,: 


C(9,. 

C/,0,. 

Ratio, 

1.456  gnn. 

4.649  grm. 

3*9.299 

1.369  « 

4.412  « 

322.279 

2.209  " 

7.084  " 

320.688 

I.019  " 

3279  •* 

321.786 

1.069  " 

3.447  " 

322.461 

1.052  " 

3.389  " 

322.148 

Hence  U,0,  =  423.342,  di  .451. 


Mean,  321.443,  ±,  .338 


From  the  acetate,  C,H,(UO)0,.H,0,  the  following 
centage:?  of  U,04  were  obtained : 


5.061  gnn.  acetate  ga\-e  3.354  g 

4.601  "  3.057 

1.869  -  1.238 

3.817  •*  2.541 

10.182  *•  6.757 

4,393  "  2.020 

2.80S  "  1.S97 


.  UA. 


66.2715  per  cent 

66.4421       " 

66.2386      - 

66.5706 

66.3622 

66.4694 

66. 1437 


•  « 


•• 


Mean,  66.3569,  r=  .038 


The  aooiaio  also  yielded  the  subjoined  percentages 
carbon  and  of  water.     Assuming  that  the  figures  for  car 
wero  oaloulatoii  from  known  weights  of  dioxide,  with  0  = 
and  O  =  Uv  1  have  addt\i  a  third  column,  in  which 
v^rlxMi  jvrvvniai^^s  arv  vvn verted  into  percentages  of  CC 


XI  r 


41.523 
41.433 
4i-*33 


M.^at 


41 
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From  all  of  these  figures  we  may  calculate  the  molecular 
weight  of  the  uranic  acetate  as  follows : 

From  percentage  of  Vfi^ C,Hj(UO)0,.  H,0  =  212.629,  d=    .242 

CO, "  =  212.999,  ±    .476 

H,0 "  =  21 1. 184,  dr  1.863 


General  mean "  ==  212.685,  d:    .214 

We  have  now  before  us  the  molecular  weights  of  four 
uranium  compounds,  giving  us  four  values  for  U : 

(i.)  UO  =  134.652,  ±  .097 Ebelmen. 

(2.)  NojU^Oj  =  634.865,  ±.  .191 Wertheim. 

(3)  UjO^  =  423.342,  d=  .45'  — Peligot. 

(4.)  C,Hj(UO)0,.H,0  =  212.685,  lb  .214  -    " 

The  four  values  for  uranium  combine  as  follows: 

From  (1) U  =  118.689,  i  .097  Ebelmen. 

"     (2) "  ==  119.282,  db  .048  Wertheim. 

**      (3) "  =  119.830,  dz  .150  Peligot. 

"     (4) "  =  ii9-^5»  ±  .215  *' 


General  mean "  =  1 19.241,  i  .041 

Or,  if  0  =  16,  U  =  119.515,  or  239.030. 

Considering  Peligot's  figures  by  themselves,  and  combin- 
ing values  3  and  4,  we  have  U  =  119.849,  ±  .123 ;  or,  if 
O  =  16,  U  =  120.125,  or  240.250. 

It  is  plain  that  the  atomic  weight  of  uranium  needs  to  be 
Bcnipulously  revised.  The  foregoing  figures  are  by  no 
means  satisfactory.  Chemically  considered,  it  is  probable 
that  Peligot's  work  is  the  best,  and  that  his  results  should 
be  given  preference.  His  figures  from  the  oxalate  and  the 
acetate  tally  well  with  each  other,  whereas  Ebelmen's  two 
sets  of  results  vary  widely.  •  From  the  percentage  of  UO 
yielded  by  the  oxalate,  Ebelmen's  figures  give  a  low  value 
for  U.  From  his  oxidation  of  UO  to  U3O4  we  get  a  value 
nearly  two  units  higher.  Peligot,  in  his  work  with  the 
oxalate,  found  it,  even  after  three  or  four  crystallizations, 
to  be  contaminated  with  oxalic  acid,  and  rejected  the  figures 
obtained  from  impure  material.  Probably  Ebelmen's  low 
Talues  are  due  to  the  same  impurity. 
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ALUMINUM. 

The  atomic  weight  of  aluminum  has  been  determined  by 
Berzelius,  Mather,  Tissier,  Dumas,  Isnard,  Terreil,  and 
Mallet.  The  early  calculations  of  Davy  and  of  Thomson 
we  may  properly  disregard. 

Berzelius'  *  determination  rests  upon  a  single  experiment 
He  ignited  10  grammes  of  dry  aluminum  sulphate, 
^12(804)3,  and  obtained  2.9934  grammes  of  A1,0,  as  resi- 
due.   Hence,  if  S  =  31.987  and  O  =  15.9633,  Al  =  27.243. 

In  1835 1  Mather  published  a  single  analysis  of  aluminum 
chloride,  from  which  he  sought  to  fix  the  atomic  weight  of 
the  metal.  0.646  grm.  of  AlaCl^  gave  him  2.056  of  AgCl 
and  0.2975  of  AljOg.  These  figures  give  worthless  values 
for  Al,  and  are  included  here  only  for  the  sake  of  complete- 
ness.  From  the  ratio  between  AgCl  and  Al ,01^,  Al  =  28.925. 

Tissier'sJ  determination,  also  resting  on  a  single  experi- 
ment, appeared  in  1858.  Metallic  aluminum,  containing 
.135  per  cent,  of  sodium,  was  dissolved  in  hydrochloric  acid. 
The  solution  was  evaporated  with  nitric  acid  tt)  expel  all 
chlorine,  and  the  residue  was  strongly  ignited  until  only 
alumina  remained.  1.935  grm.  of  Al  gave  3.645  grm  of 
AI2O3.  If  we  correct  for  the  trace  of  sodium  in  the  alumi- 
num, we  have  Al  =  27.073. 

Essentially  the  same  method  of  determination  was  adopted  -i 
by  Isnard,||  who,  although  not  next  in  chronological  order.^  - 
may  fittingly  be  mentioned  here.  He  found  that  9  grm.  0^ 
aluminum  gave  27  grm.  of  AI2O3.     Hence  Al  =  26.938., 

In  1858  Dumas,§  in  connection  with  his  celebrated  revi- 
sion of  the  atomic  weights,  made  seven  experiments  wiH 
aluminum  chloride.    The  material  was  prepared  in  quantity; 

*  Poggend.  Annal.,  8,  177. 

f  Silliman's  Amer.  Journ.,  27,  241. 

J  Compt.  Reml.,  46,  1105. 

I|  Compt.  Rend..  66,  508.     1868. 

{  Ann.  Chim.  Phys..  (3,)  55,  151.     Ann.  Chem.  Phamu,  IlJ^Jfi. 
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sublimed  over  iron  filings,  and  finally  resublimed  from 
cnetallic  aluminum.  Each  sample  used  was  collected  in  a 
small  glass  tube,  after  sublimation  from  aluminum  in  a 
i  stream  of  dry  hydrogen,  and  hermetically  enclosed.  Hav- 
ng  been  weighed  in  the  tube,  it  was  dissolved  in  water,  and 
he  quantity  of  silver  necessary  for  precipitating  the  chlo- 
ine  was  determined.  Reducing  to  a  common  standard,  his 
weighings  give  the  quantities  of  Al,Cle  stated  in  the  third 
K>lumn,  as  proportional  to  100  parts  of  silver  : 

1.8786  grm.  Alj,aj  =  4.543  grm.  Ag.  41-352 

3.021  "               7-292  "  41-459 — Bad. 

2.399  "               5.802  "  41.348 

1.922  **              4*6525  **  41-311 

1.697  "              4.1015  "  41-375 

4.3165  I        "  10.448  "  41.314 

6.728  "  16.265  "  41 '365 

In  the  second  experiment  the  AljCl^  contained  traces  of 
iron.  Rejecting  this  experiment  the  remaining  six  give  a 
mean  of  41.344,  dt  .007.    Hence  Al  =  27.441,  ±  .082. 

In  consequence  of  these  figures  of  Dumas,  the  atomic 
weight  of  aluminum  has  generally  of  late  years  been  put  at 
27.5,  and  the  lower  results  deduced  from  the  work  of  other 
investigators  have  been  disregarded. 

In  1879  Terrell*  published  a  new  determination  of  the 
atomic  weight  under  consideration,  based  upon  a  direct 
comparison  of  the  metal  with  hydrogen.  Metallic  alumi- 
num, contained  in  a  tube  of  hard  glass,  was  heated  strongly 
in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was  set 
firee,  and  was  collected  over  a  strong  solution  of  caustic 
potash.  0.410  grm.  of  aluminum  thus  were  found  equiva- 
lent to  508.2  cc,  or  .0455  grm.  of  hydrogen.  Hence  Al  = 
27.033. 

About  a  year  after  Terreil's  determination  appeared  the 
lower  vfiJue  for  cJuminum  was  thoroughly  confirmed  by  J. 
W.  Malletf  After  giving  a  full  resume  of  the  work  done 
by  others,  exclusive  of  Isnard,  the  author  describes  his  own 
exfKjriments,  which  may  be  summarized  as  follows : 

*  Bulletin  de  la  Soc.  Chimique,  31,  153. 
t  Phil.  Trans.,  1880,  p.  1003. 
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Four  methods  of  determination  were  employed,  each  one 
simple  and  direct,  and  at  the  same  time  independent  of  the 
others.  First,  pure  ammonia  alum  was  calcined,  and  the 
residue  of  aluminum  oxide  was  estimated.  Second,  alumi- 
num bromide  was  titrated  with  a  standard  solution  of  sih'er. 
Third,  metcdlic  aluminum  was  attacked  by  caustic  soda, 
and  the  hydrogen  evolved  was  measured.  Fourth,  hydro- 
gen was  set  free  by  aluminum,  and  weighed  as  water. 
Every  weight  was  carefully  verified,  the  verification  being 
based  upon  the  direct  comparison,  by  J.  E.  Hilgard,  of  a 
kilogramme  weight  with  the  standard  kilogramme  at  Wash- 
ington. The  specific  gravity  of  each  piece  was  determined, 
and  also  of  all  materials  and  vessels  used  in  the  weighings. 
During  each  weighing  both  barometer  and  thermometer 
were  observed,  so  that  every  result  represents  a  real  weight 
in  va>cuo. 

The  ammonium  alum  used  in  the  first  series  of  experi- 
ments was  specially  prepared,  and  was  absolutely  free  from 
ascertainable  impurities.  The  salt  was  found,  however,  to 
lose  traces  of  water  at  ordinary  temperatures ;  a  circum- 
stance which  tended  towards  a  slight  elevation  of  the  appa^ 
ent  atomic  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  sets  of  experiments  were  made  with  the 
alum ;  one  upon  a  sample  air-dried  for  two  hours  at  21°-25°, 
the  other  upon  material  dried  for  twenty-four  hours  at 
19°-26°.  These  sets,  marked  A  and  B  respectively,  diflfer 
slightly ;  B  being  the  less  trustworthy  of  the  two,  judged 
from  a  chemical  standpoint.  Mathematically  it  is  the  better 
of  the  two.  Calcination  was  effected  with  a  great  variety  of 
precautions,  concerning  which  the  original  memoir  must  be 
consulted.  To  Mallet *s  weighings  I  append  the  percentages 
of  AljOg  deduced  from  them: 

Sf'n'fs  A, 
$.2144  grni.  of  the  alum  gave  .925S  gim.  AI,0,.      11.270  per  cent 


14.037S  "  i-.v'^-S 

5.6201  ••  .6337 

11.2227  "  I'-^S? 

10.S435  *'  1. 2216 


11.273  " 

11.275  " 

11.278  •• 

11.266  •« 

Memo,  ii.i7Hi  ^ 
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Series  B. 


12.1023  grm.  of  the  alum  gave  1.3660  grm.  AI,0,.  11.287  P^f  cent 

10.4544  "  1. 1796  "  11.283 

6.7962  "  .7670  "  11.286 

8.5601  "  .9654  "  11.278 

4.8992  "  5528  ••  11.283 


it 


Mean,  11.2834,  d=  .0011 

Combined,  these  series  give  a  general  mean  of  11.2793,  ± 
0008.    Hence  Al  =  27.075,  ±  .011. 

The  aluminum  bromide  used  in  the  second  series  of  ex- ' 
periments  was  prepared  by  the  direct  action  of  bromine 
upon  the  metal.  The  product  was  repeatedly  distilled,  the 
3arlier  portions  of  each  distillate  being  rejected,  until  a  con- 
jtant  boiling  point  of  263.°3  at  747  mm.  pressure  was  noted, 
rhe  last  distillation  was  effected  in  an  atmosphere  of  pure 
litrogen,  in  order  to  avoid  the  possible  formation  of  oxide 
>r  oxy-bromide  of  aluminum ;  and  the  distillate  was  col- 
lected in  three  portions,  which  proved  to  be  sensibly  identi- 
cal. The  individifal  samples  of  bromide  were  collected  in 
thin  glass  tubes,  which  were  hermetically  sealed  after  nearly 
Blling.  For  the  titration  pure  silver  was  prepared,  and 
after  fusion  upon  charcoal  it  was  heated  in  a  Sprengel  vac- 
uum in  order  to  eliminate  occluded  gases.  This  silver  was 
dissolved  in  specially  purified  nitric  acid,  the  latter  but  very 
slightly  in  excess.*  The  aluminum  bromide,  weighed  in  the  / 
sesded  tube,  was  dissolved  in  water,  precautions  being  taken 
to  avoid  any  loss  by  splashing  or  fuming  which  might  re- 
sult from  the  violence  of  the  action.  To  the  solution  thus 
obtained  the  silver  solution  was  added,  the  silver  being 
something  less  than  a  decigramme  in  deficiency.  The  re- 
maining amount  of  silver  needed  to  complete  the  precipita- 
tion  of  the  bromine  was  added  from  a  burette,  in  the  form 
>f  a  standard  solution  containing  one  milligramme  of  metal 
^  each  cubic  centimetre.  The  final  results  were  as  follows, 
^®  figures  in  the  third  column  representing  the  quantities 
^  l>romide  proportional  to  100  parts  of  silver.  Series  A  is 
^***^  th%  first  portion  of  the  last  distillate  of  AljEr^;  series 
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B  from  the  second  portion,  and  series  C  from  the  third 
portion  : 

Series  A. 


6.0024  gl™- 

Al,] 

Br,  --  7.2793  gnn. 

Ag. 

82.458 

8.6492 

(t 

10.4897 

« 

82.454 

3.1808 

€t 

3.8573 
Series  B. 

<« 

82.462 

6.9617 

« 

8.4429 

(( 

82.456 

II. 2041 

« 

13.5897 

«< 

82.445 

3.7621 

« 

4.5624 

« 

82.459 

5.2842 

<« 

6.4085 

« 

82.456 

9.7338 

<( 

11.8047 
Series  C. 

« 

82.457 

9.3515 

«( 

".3424 

« 

82.447 

4.4426 

«< 

5.3877 

« 

82.458 

5.2750 

tt 

6.3975 

c« 

82.454 

Mean,  82.455,  ±'  -^^ 

Hence  Al  =  27.046,  ±:  .061. 

The  high  probable  error  of  this  result  is  due  to  the  high 
probable  error  of  the  atomic  weight  of  bromine. 

The  experiments  to  determine  the  amount  of  hydrogen 
evolved  by  the  action  of  caustic  soda  upon  metallic  alumi- 
num were  conducted  with  pure  metal,  specially  prepared, 
and  with  caustic  soda  made  from  sodium.  The  soda  solu- 
tion was  so  strong  as  to  scarcely  lose  a  perceptible  amount 
of  water  by  the  passage  through  it  of  a  dry  gas  at  ordinary 
temperature.  As  the  details  of  the  experiments  are  some- 
what complex,  the  original  memoir  must  be  consulted  for 
them.  The  following  results  were  obtained,  the  weight  of 
the  hydrogen  being  calculated  from  the  volume,  by  Re- 
nault's data  corrected  for  the  latitude  and  elevation  of  the 
University  of  Virginia : 


Weight  ofAL 

VoL  o/N, 

m.  o/N. 

At.  m 

•3697  g"n. 

458.8  c.  c. 

.04106  grm. 

27.012 

.3769     " 

467.9    - 

.04187     " 

27.005 

.3620     *' 

449.1    '* 

.04019    " 

27.022 

.7579     " 

941.5    " 

.0S425     ** 

26.998 

.73«4    " 

907.9    «* 

.0S125     »* 

27*006 

.7541     " 

936.4    " 

.083S0    " 

*^ 

J 


MicaWi  S7^ 
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The  closing  series  of  experiments  was  made  with  larger 
quantities  of  aluminum  than  were  used  in  the  foregoing 
set  The  hydrogen,  evolved  by  the  action  of  the  caustic 
cdkali,  was  dried  by  passing  it  through  two  drying  tubes 
containing  pumice  stone  and  sulphuric  acid,  and  two  others 
containing  asbestos  and  phosphorus  pentoxide.  Thence  it 
passed  through  a  combustion  tube  containing  copper  oxide 
heated  to  redness.  A  stream  of  dry  nitrogen  was  employed 
to  sweep  the  last  traces  of  hydrogen  into  the  combustion 
tube,  and  dry  air  was  afterwards  passed  through  the  entire 
apparatus  to  reoxidize  the  surface  of  reduced  copper,  and  to 
prevent  the  retention  of  occluded  hydrogen.  The  water 
formed  by  the  oxidation  of  the  hydrogen  was  collected  in 
three  drying  tubes.  The  results  obtained  were  as  follows. 
The  third  column  gives  the  amount  of  water  formed  from 
10  grammes  of  aluminum : 

2.1704  grm.  AI  gave  2.1661  grm.  H,0.      9.9802 
2.9355     "      2.9292    »*  9-9785 

5.2632     "      5.2562    "  9-9867 

Mean,  9.9818,  d:  .0017 

Hence  Al  =  26.998,  ±  .007. 

In  combining  the  various  determinations  of  the  atomic 
weight  of  aluminum  into  one  general  mean,  we  must  arbi- 
trarily assign  weight  to  the  single  experiments  of  Berzelius, 
Isnard,  Tissier,  and  Terrell.  This  may  fairly  be  done  by 
giving  to  each  the  probable  error,  and  therefore  the  weight, 
of  a  single  observation  in  Dumas'  series.  Mather's  work 
may  be  ignored  altogether : 

From  Berzelius Al  =  27.243,  ±  .201 

Tissier "  =27.096,  rb  .201 

lAiard "  =  26.938,  ±  .201 

Dumas "  =27.441,  ±.082 

Terreil "  =  27.033,  dr  .201 

Mallet's  alum  experiments,  "  =  27.075,  it  .011 

AIjBfj        "           "  =  27.046,  db  .061 

H               "           "  =  27.005,  ±z  .003 

H,Q           "           "  =  26.998,  dt  .007 


tt 

t€ 

tt 

tt 

tl 

tt  tt 

tt  tt 

tt  tt 


General  mean — -  "  =  27.0092,  dr  .0028 


162  THE   ATOMIC  WEIGHTS. 

If  O  =  16,  Al  =  27.075.  Taking  Mallet's  work  alone, 
Al  =^  27.0089,  ±1  .0028. 

Evidently  all  the  data  except  Mallet's  might  be  rejected 
without  affecting  sensibly  the  final  result.  Dumas'  work  is 
clearly  vitiated  by  constant  errors,  but  the  determinatioiis 
by  Isnard,  Tissier,  and  Terrell  may  be  r^;arded  as  having 
some  confirmative  value. 


GOLD. 


The  only  determinations  of  the  atomic  weight  of  ffAi 
which  are  worthy  of  consideration  are  those  of  Berzeiius 
and  of  Levol. 

The  earliest  method  adopted  by  Berzeiius*  was  that  of 
precipitating  a  solution  of  gold  chloride  by  means  of  a 
weighed  quantity  of  metallic  mercury.  The  weight  of  gold 
thus  thrown  down  gave  the  ratio  between  the  atomic  weights 
of  the  two  metals.  In  the  single  experiment  which  Be^ 
zelius  publishes,  142.9  parts  of  Hg  precipitated  93.55  of  Au. 
Hence,  using  the  value  for  mercury  given  in  a  preceding 
chapter,  199.712,  Au  =  196.113. 

In  a  later  investigationf  Berzeiius  resorted  to  the  analysis 
of  potassio-auric  chloride,  2KCI.AUCI3.  Weighed  quanti- 
ties of  this  salt  were  ignited  in  hydrogen ;  the  resulting  goM 
and  potassium  chloride  were  separated  by  means  of  wattft 
and  both  were  collected  and  estimated.  The  loss  of  weigk^ 
upon  ignition  was,  of  course,  chlorine.  As  the  salt  cooM 
not  be  perfectly  dried  without  loss  of  chlorine,  the  atomic 
weight  under  investigation  must  be  determined  by  ih® 
ratio  between  the  KCl  and  the  Au.  If  we  reduce  to  a  coib- 
mon  standard,  and  compare  with  100  parts  of  KO,  the 
equivalent  amounts  of  gold  will  be  those  which  I  give  ia 
the  last  of  the  subjoined  columns  : 

♦  Poggend.  Annal.,8,  177.  i 

t  Lchrbuch,  5  Aufl.,  3,  12 12. 
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4.1445  grm.  KjAuQ^gave  .8185  grm.  KCl  and  2.159  grm.  Au.  263.775 

2.2495  •*  .44425  "  1. 172        "  263.815 

5.1300  "  1.01375  "  2.67225    **  263.600 

3.4130  "  .674  «*  177725     *'  263.687 

4.19575  "  .8295  "  2.188        "  263.773 


Mean,  263.730,  db  .026 


Hence  Au  =  196.186,  dc  .101. 


Still  a  third  series  of  experiments  by  Berzelius  *  may  be 
included  here.  In  order  to  establish  the  atomic  weight  of 
phosphorus  he-  employed  that  substance  to  precipitate  gold 
from  a  solution  of  gold  chloride  in  excess.  Between  the 
weight  of  phosphorus  taken  and  the  weight  of  gold  ob- 
tained it  was  easy  to  fix  a  ratio.  Since  the  atomic  weight 
of  phosphorus  has  been  better  established  by  other  methods, 
we  may  properly  reverse  this  ratio  and  apply  it  to  our  dis- 
cussion of  gold.  100  parts  of  P  precipitate  the  quantities  of 
Au  given  in  the  third  column : 

.829  grm.  P  precipitated  8.714  grm.  Au.  1051.15 

.754  "  7.930        "  1051.73 


Mean,  1051.44,  zt  .196 

Hence  Au  =  195.303,  ±  .589. 

LevoPsf  estimation  of  the  atomic  weight  under  considera- 
tion can  hardly  have  much  value.  A  weighed  quantity  of 
gold  was  converted  in  a  flask  into  AuClg.  This  was  reduced 
by  a  stream  of  sulphur  dioxide,  and  the  resulting  sulphuric 
acid  was  determined  as  BaSO^.  One  gramme  of  gold  gave 
.1.782  grm.  BaSO^.    Hence  Au  =  195.794. 

If  we  give  this  single  experiment  and  Berzelius'  single 
result  with  mercury  each  equal  weight  with  one  analysis  in 
the  potassio-auric  chloride  series,  and  include  respectively 
the  probable  errors  appertaining  to  Hg  and  to  BaS04,  we 
may  combine  all  the  data  as  follows : 


♦Lchrbuch,  5  Aufl.,  3,  1188. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  30,  355.     1850. 
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From  KQ  :  Au  ratio Au  =  196.186,  dz    .101 

From  Hg  :  Au  ratio _.  •*   =  196.113,  dr    -335 

From  P  :  Au  ratio «•  =  195.303,  r=    .589 

From  BaSOf  :  Au  ratio "   =  195.794,  db  I-234 

General  mean "   =  196.155,  -±1    .095 

Or,  if  O  =  16,  Au  =  196.606. 

As  gold  is  a  metal  which  can  be  readily  applied  to  the 
determination  of  the  atomic  weights  of  other  elements,  an 
experimental  revision  of  its  atomic  weight  is  very  desirable. 


NICKEL  AND  COBALT. 

On  account  of  the  close  similarity  of  these  metals  to  each 
other,  their  atomic  weights,  approximately  if  not  actually 
identical,  have  received  of  late  years  much  attention. 

The  first  determinations,  and  the  only  ones  up  to  1852, 
were  made  byRothhoflf;*  each  with  but  a  single  experi- 
ment. For  nickel  188  parts  of  the  monoxide  were  dissolved 
in  hydrochloric  acid ;  the  solution  was  evaporated  to  dry- 
ness, the  residue  was  dissolved  in  water,  and  precipitated 
by  silver  nitrate.  718.2  parts  of  silver  chloride  were  thus 
formed ;  whence  Ni  =  58.925.  The  same  process  was  applied 
also  to  cobalt,  269.2  parts  of  the  oxide  being  found  equiva- 
lent to  1029.9  of  AgCl.  Hence  Ck)  =  58.817.  These  values 
are  so  nearly  equal  that  their  differences  were  naturally 
ascribable  to  experimental  errors.  They  are,  however,  en- 
titled to  no  special  weight  at  present,  since  it  cannot  be 
certain  from  any  evidence  recorded  that  the  oxide  of  either 
metal  was  absolutely  free  from  traces  of  the  other. 

In  1852  Erdmann  and  Marchandf  published  some  i^ 
suits,  but  without  details,  concerning  the  atomic  weight  d 
nickel.    They  reduced  the  oxide  by  heating  in  a  current  of 

*  Cited  by  Berzelius.     Poggend.  Annal.,  8, 1S4.     iSafi.         •  * 

t  Joum.  filr  Prakt.  Chem.,  55,  202.     1852. 


XICKEL   ANT>   COBALT. 


165 


hydrogen,  and  obtained  values  ranging  from  58.2  to  58.6, 
when  0  =  16.  Their  results  were  not  very  concordant,  and 
the  lowest  was  probably  the  best. 

In  1856,  int-identally  to  other  work,  Deville*  found  that 
100  parts  of  pure  metallic  nickel  yielded  262  of  sulphate; 
whence  Ni  :=  59.15. 

To  none  of  the  foregoing  estimations  can  any  importance 
now  be  attached.  The  modern  discussion  of  the  atomie 
weights  under  consideration  began  with  the  researches  of 
Schneid§rt  in  1857.  This  chemist  examined  the  oxalates 
of  both  metals,  determining  carbon  by  the  combustion  of 
the  salts  with  copper  oxide  in  a  stream  of  dry  air.  The 
carbon  dioxide  thus  formed  was  collected  as  usual  in  a 
potash  bulb,  which,  in  weighing,  was  counterpoised  by  a 
similar  bulb,  so  as  to  eliminate  errors  due  to  the  hygroscopic 
character  of  the  glass.  The  metal  in  each  oxalate  was  esti- 
mated, first  by  ignition  in  a  stream  of  dry  air,  followed  by 
intense  heating  in  hydrogen.  Pure  nickel  or  cobalt  was 
left  behind  in  good  condition  for  weighing.  Four  analyses 
of  each  oxalate  were  made,  with  the  results  given  below. 
The  uiclce]  salt  contained  three  molecules  of  water,  and  the 
cobalt  salt  two  molecules : 


•  MCtO,.jN,0. 

1.1945  gnn.  eave    .528    grm.  CO,. 
3-5555          ■•          '  i»0''5        ■■ 
3.199            ■■          1.408 
5.010            "          2,214 

44- 20  J  per  cenl. 
44,07a      ■' 
44.014      ■■ 
44104      '• 

Me»n 

44-098.  ±  oa; 

The  following  percentages  of  nickel  were  found  in  this 
salt; 

29.  t07 

39.0S1 
29.066 

19,083 

Meui,  29.084.  ±  .006 

•  Ann.  Chim.  Phys..  (j.i  46,  182. 
t  PogeemI,  Anna!.,  101,  JS7.     1857 

1856. 
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CoC^0^.2H^O. 

1.6355  g™*-  g*^'^    -781  gnn.  CO^  47-753  per  cent. 

1. 107  "  .5295  **  47-832      •* 

2.309  "  i.ioi  "  47-683      " 

3.007  -  1.435  "  47-722      *• 


Mean,  47-7475.  ±^   0213 

The  following  were  the  percentages  found  for  cobalt : 

32.552 
32.619 

32.528 
32.523 

Mean.  32.5555,  d=  .0149 

In  a  later  paper  *  Schneider  also  gives  some  resulta  ob- 
tained with  a  nickel  oxalate  containing  but  two  molecules 
of  water.  This  gave  him  47.605  per  cent,  of  CO,,  and  the 
following  percentages  of  nickel : 

31.4115 

3«.4038 


Mean,  31.4076,  ±  .0026 

The  conclusion  at  which  Schneider  arrived  was,  that  the 
atomic  weights  of  cobalt  and  nickel  are  not  identical,  being 
about  60  and  58  respectively.  The  percentages  given  above 
will  be  discussed  at  the  end  of  this  chapter  in  connection 
with  all  the  other  data  relative  to  the  constants  in  question. 

The  next  chemist  to  take  up  the  discussion  of  these  at<»nic 
weights  was  Marignac,  in  1857.t  His  original  paper  is  no* 
accessible  to  me,  and  I  am  therefore  obliged  to  give  (Hilj 
such  features  of  it  as  I  can  get  from  abstracts  and  reviews, 
He  worked  with  the  chlorides  and  sulphates  of  nickd  lud 
cobalt,  using  apparently  common  gravimetric  methods. 
The  sulphates,  taken  t\s  anhydrous,  were  first  ignited  to 
expel  S0,+  O,  after  which  the  residues  were  heated  wifli 
weighed  amounts  of  lead  silicate.     The  increase  in  wej^ 


*  Poggeod.  .A.nnal.,  107.  616. 

t  Jahresbericht,  1857,  225.     Bibl.  L'niv.  dc  Geaitc,  (1 
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was  CoO  or  NiO  respectively.  The  anhydrous  chlorides 
wrere  prepared  from  the  hydrated  salts  by  ignition  in  dry 
2hlorine  or  hydrochloric  acid.  With  cobalt,  the  monohy- 
irated  chloride,  dried  at  100°,  was  also  employed.  For 
aickel  he  gives  the  following  values,  referred  probably  to 
0  =  16,  S  =  32,  Ag  =  108,  CI  =  35.5: 

From  NiSO^ __-Ni  =  58.4  to  59.0 

"      NiCl, "  =  58.4  "  59.28 

To  cobalt  these  values  are  assigned : 

From  C0S64 Co  =  58.64  to  58.76 

Coa,.H,o "  =58.84"  59.02 

CoCl, "   =  58.72  "  59.02 


(« 


That  is,  contrary  to  Schneider's  view,  the  two  atomic 
weights  are  approximately  the  same.  The  values  for  nickel, 
however,  run  a  little  lower  than  those  for  cobalt;  a  fact 
which  is  probably  not  without  significance.  Marignac  crit- 
icizes Schneider's  earlier  paper,  holding  that  the  nickel 
oxalate  may  have  contained  some  free  oxalic  acid,  and  that 
the  cobalt  salt  was  possibly  contaminated  with  carbonate  or 
with  basic  compounds.  In  his  later  papers  Schneider  rejects 
these  suggestions  as  unfounded,  and  in  turn  criticizes  Ma- 
rignac. The  purity  of  anhydrous  NiSO^  is  not  easy  to 
guarantee,  and,  according  to  Schneider,  the  anhydrous  chlo- 
rides of  cobalt  and  nickel  are  liable  to  be  contaminated  with 
oxides.  This  is  the  case  even  when  the  chlorides  are  heated 
in  chlorine,  unless  the  gas  is  carefully  freed  from  all  traces 
of  air  and  moisture. 

Dumas'  *  determinations  of  the  two  atomic  weights  were 
made  with  the  chlorides  of  nickel  and  cobalt.  The  pure 
metals  were  dissolved  in  aqua  regia,  the  solutions  were 
repeatedly  evaporated  to  dryness,  and  the  residual  chlorides 
were  ignited  in  dry  hydrochloric  acid  gas.  The  last  two 
estimations  in  the  nickel  series  were  made  upon  NiCl, 
formed  by  heating  the  spongy  metal  in  pure  chlorine.  In 
the  third  column  I  give  the  NiCl ,  or  CoCl , ,  equivalent  to 
100  parts  of  silver : 

*  Ann.  Chem.  Pharm.,  113,  25.     i860. 
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.9123  gnn.  NiCl,  =  1.515    grm.  Ag.  60.218 

2.295  "  3-Sii5        "  60.212 

3.290  "  5-464  "  60.212 

1.830  "  3.041  "  60.178 

3.001  **  4*987  "  60.176 


Mean,  60.1992.  ±:  .0062 

2.352  gnn.  Cod,  =-  3.9035  grm.  Ag.  60.254 

4.210     *<      6*990    "  60.229 

3.592      "     5-960    "  60.268 

2.492      '*     4.1405    "  60.186 

4.2295     •«     7.0255    "  60.202 

Mean,  60.2278,  dt  .011 

These  results  give  values  for  CJo  and  Ni  differing  by  less 
than  a  tenth  of  a  unit ;  here,  as  elsewhere,  the  figure  for  Ni 
being  a  trifle  the  lower. 

In  1863 '^^  the  idea  that  nickel  and  cobalt  have  equal 
atomic  weights  was  strengthened  by  the  researches  of  Ru^. 
He  found  that  the  black  oxide  of  cobalt,  by  intense  heating 
in  an  atmosphere  of  carbon  dioxide,  became  converted  into 
a  brown  monoxide  of  constant  composition.  The  ordinary 
oxide  of  nickel,  on  the  other  hand,  was  shown  to  be  convert- 
ible into  a  definite  monoxide  by  simple  heating  over  the  bla* 
lamp.  The  pure  oxides  of  the  two  metals,  thus  obtained, 
were  reduced  by  ignition  in  hydrogen,  and  their  exact  com- 
position thus  ascertained.  Several  samples  of  each  oxide 
were  taken,  yielding  the  following  percentages  of  metal : 

mo. 
78.597  ) 

78.584  Mst  sample. 
78.608  ^ 
78.581  ) 

78.589  ^  2d  sample. 

78.616  \ 

78.590  ^  3d  sample. 

78.588  ^ 
78.590 

78.594 
78.597 
78.588 


4th  sample. 


Mean  of  all,  78.593,  it  .0018 


*  Joum.  Chem.  See.,  (2,)  i,  51. 


NICKEL   AND   COBALT. 


169 


CoO, 

78.591 
78.588 
78.550 
78.598 
78.614 
78.603 
78.591 
78.591 
78.588 
78.592 

78.597 
78.598 

78.595 
78.589 
78.596 


1 


1st  sample. 


} 


2d  sample. 


V  3d  sample. 

V  4th  sample. 


} 


5th  sample. 


Mean  of  all,  78.592,  d:  .0023 

These  percentages  are  practically  identical,  and  lead  to 
essentially  the  same  mean  value  for  each  atomic  weight. 

In  a  later  paper  Russell'*'  confirmed  the  foregoing  results 
by  a  different  process.  He  dissolved  metallic  nickel  and 
cobalt  in  hydrochloric  acid  and  measured  the  hydrogen 
evolved.  Thus  the  ratio  between  the  metal  and  the  ulti- 
mate standard  was  fixed  without  the  intervention  of  any 
other  element.  About  two-tenths  of  a  gramme  of  metal,  or 
less,  was  taken  in  each  experiment.  100  parts  by  weight  of 
Co  or  Ni  give  the  following  weights  of  H,  calculated  from 
the  volume  of  the  latter : 


Ni, 

3.420 

3.418 

3-416 

3.417 

3.41^ 

3.415 
3.416 


*  I  St  sample. 


Co, 

3.395 
3.398 
3-397 
3.398 
3.403 
.  3.401 
3.401 


•  1st  sample. 


i2d 


sample. 


*  Joum.  Chem.  See.,  (2,)  7,  494.     1869. 
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Al.  Co. 

3.409  '  2d  sample.  3.405  /  ^  '^^^' 
3-404  J  3.410  ^ 

3.401  —3d  sample.  3.407  /  ^"*  ampie. 

3-4"  I  

3.408  A4tli  saoqile.  Mean  of  all,  3.4017,  d=  .0009 

3.410  ) 


Mean  of  all,  3.411,  ±z  .001 

A  glance  at  the  tabulated  discussion  which  closes  this 
chapter  will  show  that  these  figures  agree  well  with  each 
other,  and  well  with  those  found  from  the  analyses  of  the 
oxides.  The  probable  errors  assigned  in  the  hydrogen 
series  may  be  a  little  too  low,  since  they  ought  to  be  modi- 
fied by  the  probable  error  of  the  weight  of  a  unit  volume 
of  hydrogen.  So  insignificant  a  correction  may,  however, 
be  neglected. 

Some  time  after  the  publication  of  Russell's  first  paper, 
but  before  the  appearance  of  his  second,  some  other  investi- 
gations were  made  known.  Of  these  the  first  was  by  Som- 
maruga,*  whose  results,  obtained  by  novel  methods,  closely 
confirmed  those  of  Schneider  and  antagonized  those  of  Du- 
mas, Marignac,  and  Russell.  The  atomic  weight  of  nickel 
Sommaruga  deduced  from  analyses  of  the  nickel  potassium 
sulphate,  KjNi(S0Jj.6H,0,  which,  dried  at  100°,  has  a 
perfectly  definite  composition.  In  this  salt  the  sulphuric 
acid  was  determined  in  the  usual  way  as  barium  sulphate, 
a  process  to  which  there  are  obvious  objections.  In  the 
third  column  are  given  the  quantities  of  the  nickel  salt  pro- 
portional to  100  parts  of  BaS04  • 


0.9798 

grill,  gave 

1.0462 

grill 

.  BaSO^. 

93653 

1.0537 

I.1251 

93654 

1.0802 

"•'535 

93.645 

1. 1865 

1.2669 

93-654 

3.2100 

3-4277 

93649 

3.2124 

34303 

93.648 

Mean, 

93-6505.  db  .001 

*  Sitzungsb.  Wien  Akad.,  54,  2  Abth.,  50.     1866. 
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For  cobalt  Sommaruga  used  the  purpureo  cobalt  chloride 
of  Gibbs  and  Grenth.  This  salt,  dried  at  110°,  is  anhydrous 
and  stable.  Heated  hotter,  CoCl ,  remains.  The  latter,  ig- 
nited in  hydrogen,  yields  metallic  cobalt.  In  every  experi- 
ment the  preliminary  heating  must  be  carried  on  cautiously 
until  ammoniacal  fumes  no  longer  appear : 


.6656  gim.  gave  .1588  gim.  Co. 


I.09I8 

'*        .2600   " 

.9058 

*         .2160   " 

1.5895 

.3785  " 

2.9167    * 

.6957 

1.8390 

.4378  " 

2.5010    ' 

.5968  " 

23.858  per  cent. 

23.814 

23.846 

23847 
23.806 

23.808 


«< 


(I 


(I 


(I 


t< 
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Mean,  23.827,  ±  .006 

Further  along  this  series  will  be  combined  with  a  similar 
one  by  Lee.  It  may  here  be  said  that  Sommaruga's  paper 
was  quickly  followed  by  a  critical  essay  from  Schneider,* 
endorsing  the  former's  work,  and  objecting  to  the  results  of 
Russell. 

In  1867  still  another  new  process  for  the,  estimation  of 
these  atomic  weights  was  put  forward  by  Winkler,t  who 
determined  the  amount  of  gold  which  pure  metallic  nickel 
and  cobalt  could  precipitate  from  a  neutral  solution  of  sodio- 
anric  chloride.  Experimentally,  the  method  seems  to  be 
quite  accurate;  practically,  it  involves  a  knowledge  of  the 
defectively  ascertained  atomic  weight  of  gold.  In  order  to 
obtain  pure  cobalt  Winkler  prepared  purpureo-cobalt  chlo- 
ride, which,  having  been  four  or  five  times  recrystallized, 
was  ignited  in  hydrogen.  His  nickel  was  repeatedly  puri- 
fied by  precipitation  with  sodium  hypochlorite.  From  ma- 
terial thus  obtained  pure  nickel  chloride  was  prepared, 
which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydrogen.  100  parts  of  gold  are  precipitated  by  the 
quantities  of  nickel  and  cobalt  given  in  the  third  columns 
respectively.    In  the  cobalt  series  I  include  one  experiment 


*  Poggend.  Annal.,  130,  310. 
tZcit.  Anal.  Chem.,  6,  18.     1867. 
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by  Weselsky  which  was  published  by  him  in  a  paper  pres- 
ently to  be  cited : 

.4360  grm.  nickel  precipitated  .9648  grm.  gold.  45.191 

.4367                    "                      9666         "  45.179 

.5189                    "                   1. 1457          "  45.291 

.6002                    "                   1.3286         "  45*175 


Mean, 

45- 209,  ±  .019 

.5890  grm.  cobalt  precipitated 

1.3045  grm.  gold. 

45.151 

.3147 

.6981 

45.080 

.5829 

1.2913 

45.141 

.5111                     " 

I.I3"2 

45.182 

.5821                     " 

1.2848 

45-307 

.559 

1. 241 

45.044— Weselsky 

Mean,  45.i5i»  ±  -025 

Weselsky's  paper,*  already  cited,  relates  only  to  cobalt 
He  ignited  the  cobalticyanides  of  ammonium  and  of  phe- 
nylammonium  in  hydrogen,  and  from  the  determinations 
of  cobalt  thus  made  deduced  its  atomic  weight.  His  results 
are  as  follows : 

•7575  fiT"™.  (NH4),Co,Cyi,  gave  .166  grm.  Co.     21.914  per  cent. 
•5*43  "  -"3        "  21.972      •* 


Mean,  21.943,  :*z  .029 

.8529  grm.  (C,HgN)jCojCyu  gave  .1010  grm.  Co.  11.842  per  cent, 

.6112  **  .0723    "  11.829 

.7140  **  .0850    **  '  1.905 

.9420  •*  .1120    "  11.890 


«4 
•  « 
4< 


Mean,  11.8665,  =±=  .0124 

Finally,  we  come  to  the  work  done  by  Leef  in  the  labora- 
tory of  Wolcott  Gibbs.  Like  Weselsky,  Lee  ignited  certain 
cobalticyanides  and  nickelocyanides  in  hydrogen  and  d^er- 
mined  the  residual  metal.  The  double  cyanides  choeen 
were  those  of  strychnia  and  bnicia ;  salts  of  very  high  mo- 
lecular weight,  in  which  the  percentages  of  metal  are  rela- 
tively low.    A  series  of  experiments  with  purpureo-cobalt 


*  Ber.  d.  Dentsch.  Chem.  Gesell.,  2,  592.     1866. 
f  Am.  Joum.  Sci.  and  Arts,  (3,)  2,  44.     1871. 
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chloride  was  also  carried  out.  In  order  to  avoid  admixture 
of  carbon  in  the  metallic  residues,  the  salts  were  first  ignited 
in  air,  and  then  in  oxygen.  Reduction  by  hydrogen  fol- 
lowed. The  salts  were  in  each  case  covered  by  a  porous 
septum  of  earthenware,  through  which  the  hydrogen  dif- 
fused, and  which  served  to  prevent  the  mechanical  carrying 
away  of  solid  particles ;  furthermore,  heat  was  applied  from 
above.  The  results  attained  were  very  satisfactory,  and 
assign  to  nickel  and  cobalt  atomic  weights  varying  from 
each  other  by  about  a  unit;  Ni  being  nearly  58,  and  Co 
about  59.  The  exact  figures  will  appear  later.  The  cobalt 
results  agree  remarkably  well  with  those  of  Weselsky.  The 
following  are  the  percentages  of  metal  found : 

In  bruda  nickehcyanide,  Ni^Cyi^(C ^ff^N^O^^ff^. roH ^O. 

5724 
5.729 
5.750 

5-733 
5.712 

5.729 


Mcian,  5.7295-  ±.  •0034 

In  strychnia  nickeiocyanide,  Ni^Cy^^(Cf^II^N^0^^,II^.8II^0, 

6.607 
6.613 
6.589 
6.607 
6.561 
6.595 


Mean,  6.595,  d=  .005 

In  brucia  cobaiHcyanide,  Co^CyyJ^C ^H^tI^O^^.H^.2oH^O, 

3.759 
3.720 

3.739 
3.748 
3-747 
3-749 


Mean,  3.7437.  ±  .0036 
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In  strychnia  cobalticyanidet  Co^Cy^^{C ^ff^N^O^)^,If ^.Sff^O. 

4.583 
4.596 
4.554 
4.564 
4.577 
4.549 

Mean,  4. 5705.  =t  .«>5 

In purpureo'cobalt  chloride^  CoJ^NH^^^Ci^, 

23.575 
23587 
23.586 

23579 

23.569 
23.581 

Mean,  23.5795.  ±  .0019 

The  last  series  may  be  combined  with  Sommaruga's,  thus : 

Sommaruga 23.827,    db  .006 

Lee 23.5795,  dr  .0019 

General  mean 23.6045,  ±  .0018 

In  discussing  the  atomic  weights  of  nickel  and  cobalt,  we 
may  ignore  the  work  of  Rothhoff,  Erdmann  and  Marchand 
and  Deville.  That  of  Marignac  must  also  be  omitted,  for 
want  of  sufficient  data.  For  nickel  we  have  the  following 
ratios.  The  probable  error  assigned  in  No.  4,  is  that  of  a 
single  experiment  in  No.  2 : 

(i.)  Per  cent,  of  Ni  in       XiC204.3H20,  29.084,  dr  .006 
(2.)  '•  CO2  from  •*  44.098,  dr  .027 

(3.)  "  Ni  in       NiC20^.2H.jO,  31.4076,  :*=  .0026 

(4.)  "  CO,  from  "  47605,  rt  .053 

(5.)  "  Ni  in  NiO,  78.593.  ±  .0018 

(6.)  "  "     brucia  nickelocyanide,  5.7295,  dr  .0034 

(7.)  "  •*     strychnia        "  6.595,  ±  .<»5 

(8.)  Ag  :  NiCl,  : :  100  :  60.1992,  d=  .0062 

(9.)  Ni  :  II  : :  lOO  :  3.41 1,  zy=.  .OOI 

(10.)  Au  ;  Ni  :  :  lOO  :  45.209,  dc  .019 

(II.)  BaSO^  :  K2Ni( 80^1.^.6 lip  : :  100  :  93.6505,  Jr  .OOI 

Since  the  proportion  of  water  in  the  oxalates  is  no*  •* 
absolutely  certain  quantity,  the  data  concerning  such  »!*• 
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are  best  handled  by  employing  the  ratios  between  the  carbon 
dioxide  and  the  metal.  Accordingly  ratios  (1)  and  (2)  give 
a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.  In  all, 
we  have  nine  values  for  the  atomic  weight  in  question : 


If  O: 


From  (i)  Mid  (a) 

"      (3)    ■■    (4) 

"    (.1) 

■•    (") 

-.  16,  Ni  =  58.682. 


=  57.907 

±. 

0379 

=s  S7-9'6 

± 

0654 

=  57-884 

=*: 

0396 

=  57' 947 

± 

0467 

=  58-170 

± 

0S19 

=  58.607 

i 

0139 

=  58-634 

± 

0.65 

=  58-899 

± 

0339 

=  59'^o 

± 

0376 

=  58-547 

± 

0089 

In  the  foregoing  result  it  will  be  seen  that  the  two  sets  of 
figures  due  to  Russell  receive  very  great  weight.  This  is 
because  the  one  set  is  referred  directly  to  hydrogen,  without 
the  intervention  of  the  probable  error  of  any  other  element; 
while  the  second  set  involves  only  the  atomic  weight  of 

I  oxygen,  of  which  the  probable  error  is  small.  As  regards 
accuracy  of  methods,  however,  and  certainty  concerning  the 
purity  of  material,  Russell's  work  is  no  better  than  Schnei- 
der's, and  probably  inferior  to  Lee's.  Now  values  one  to 
five  in  the  above  table  represent  the  tolerably  concordant 

I  resultsof  Schneider,  Lee,  and  Sommaruga.    They,  combined 

I  by  themselves,  give  a  general  mean  of  Ni  ^=  57.928,  ±  .0215 ; 
or,  if  0  =  10,  of  Ni  =  58.062.  This  value,  taking  every- 
thing into  account,  I  cannot  but  regard  as  more  likely  to 
prove  correct  than  the  larger  mean  deduced  from  all  the 

'  ratios.  At  all  events,  the  atomic  weight  of  nickel  needs 
further  careful  investigation. 

For  cobalt  these  ratios  are  available : 

(I.)  Per  cenL  of  Co  in      CoCVJ,.2H,0,  32.5555,  ±  .0(49 

II.)  "  CO,  from  "  47-7475.  ± -o^U 

(J.J  '•  Co  in  CoO,  78.591,  ir  .0023 

(4,)  "  "     puipureo-cobah  chloritle,  23.6045,  ±  .0018 

(J.)  "  "     pheaylammonium  CDballicyuiide,  11.8665,  ±  .0134 

(6.)  "  "     immonium  ■■  3t.943.    ±  -OS? 


176  THE   ATOMIC  WEIGHTS. 

(7.)  Per  cent,  of  Co  in  brucia  cobalticyanide,  3.7437,  db  .0036 
(8.)  "  "     strychnia        "  4-5705.  ±  .005 

(9.)  Ag  :  CoCl,  : :  lOO  :  60.2278,  db  .Oil 

(10.)  Co  :  H  : :  100  :  3.4017,  dz  .0009 

(fl.)  Au  :  Co  : :  lOO  :  45.151,  d=  .025 

Hence  we  have  ten  values  for  CJo,  as  follows : 

From  (i)  and  (2) Co  =  59.865,  ±  .0394 

(4) - "  =  59-o8o,  d=  .0152 

(5) "  =  58.913.  ±  -0628 

(6) "  =  59- 177.  ±  .0816 

(7) «  ==  59.057,  ±  .0581 

(8)— "  =  58.960,  d=  .0708 

(") - "  =  59.<M4,  ±  .0436 

(9) - "  =  58.961,  ±  .0392 

(3) "  =58.604.  d=  .0145 

(10) "  =  58.794,  d=  .0162 


« 
« 

« 
it 

u 


General  mean "  =  58.887,  dr  .008 

If  0  =  16,  Co  =  59.023. 


SELENIUM. 


The  atomic  weight  of  this  element  was  first  determined 
by  Berzelius,*  who,  saturating  100  parts  of  selenium  vrith 
chlorine,  found  that  179  of  chloride  were  produced.  Farther 
on  these  figures  will  be  combined  with  similar  results  by 
Dumas. 

Wo  may  omit,  as  unimportant  for  present  purposes,  the 
analyses  of  alkaline  selenates  made  by  Mitscherlieh  and 
Nit7.sch,t  and  pass  on  to  the  experiments  published  by  Sioet 
in  1S47.  This  chemist  resorted  to  a  variety  of  methodic 
some  of  which  gave  good  results,  while  others  were  unsrtW" 
factory.  First,  he  sought  to  establish  the  exact  compoatiflfl 
of  Si^O,,  IxMh  by  synthesis  and  by  anal}'sis.  The  ferm* 
plan,  according  to  which  he  oxidized  pure  selemiun  ^ 


*  rv>j^?rnd.  Annal.,  S,  I.     1826. 

i  IV^X^nd.  .\nnal..  9.  623.     1S27. 

♦  Ann.  x1.  Chim.  c:  d.  Phys..  .3,«  2I»  II9. 
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nitric  acid,  gave  poor  results ;  better  figures  were  obtained 
upon  reducing  SeO,  with  ammonium  bisulphite  and  hydro- 
chloric acid,  and  determining  the  percentage  of  selenium 
set  free :  ' 

.6800  grm.  SeO,  give  .4818  erm.  Se,  71.000  per  cent. 

3.5127  ■'  2.5047        "  71,102      - 

4.4870  '•  3.1930        ■■  71.161       •■ 


In  a  similar  manner  Sacc  also  reduced  barium  selenite, 
and  weighed  the  resulting  mixture  of  barium  sulphate  and 
free  selenium.  This  process  gave  discordant  reaulta,  and  a 
better  method  was  found  in  calcining  BaSeO.  with  sul- 
phuric acid,  and  estimating  the  resulting  quantity  of  BaSO,. 
In  the  third  column  I  give  the  amounts  of  BaSOj  equivalent 
to  100  of  BaSeO. : 


■5573  E""'  BaSeO,  gave  ,4929  grm.  BiSO,. 
.9941       "       .8797 
.»3Si      '■       .1080 
.9747      '•       -8611 


88.383 


Mean,  88. 437,  ±  .QI3 

Still  other  experiments  were  made  with  the  selenites  of 
silver  and  lead ;  but  the  figures  were  subject  to  such  errors 
that  they  need  no  further  discussion  here. 

A  few  years  after  Sacc'a  work  was  published,  Erdmann  and 
Marchand  made  with  their  usual  care  a  series  of  experi- 
ments upon  the  atomic  weight  under  consideration.*  They 
alalyzed  pure  mercuric  selenide,  which  had  been  repeatedly 
sublimed  aud  was  well  crystallized.  Their  method  of  ma- 
nipulation has  already  been  described  in  the  chapter  upon 
mercury.     These  percentages  of  Ilg  in  HgSe  were  found : 
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The  next  determinations  were  made  by  Dumas,'*'  who  re- 
turned to  the  original  method  of  Berzelius.  Pure  selenium 
was  converted  by  dry  chlorine  into  SeCl^,  and  from  the  gain 
in  weight  the  ratio  between  Se  and  CI  was  easily  deducible. 
I  include  Berzelius'  single  experiment,  which  I  have  already 
cited,  and  give  in  a  third  column  the  quantity  of  chlorine 
absorbed  by  100  parts  of  selenium : 


1.709  grm.  Sc  absorb  3.049  gnn.  G. 

1. 810  "  3.219 

1.679  "  3a>3 

1.498  **  2.688 

1.944  •'  3468 

1.887  "  3.382 

1.935  "  3452 


« 


t< 


(i 


i< 


tt 


*i 


178.409 

I77.845* 
178.856 

179.439 

178.395 
179.226 

178.398 

1 79.000 — Berzelios. 


Mean,  178.696,  ±.  .125 

The  question  may  here  be  properly  asked,  whether  it 
would  be  possible  thus  to  form  SeCl^  and  be  certain  of  its 
absolute  purity  ?  A  trace  of  oxychloride,  if  simultaneously 
formed,  would  increase  the  apparent  atomic  weight  of 
selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  processes  which  have 
been  adopted,  and  that  value  has  the  largest  probable  error 
of  any  one  in  the  entire  series.  A  glance  at  the  table  which 
summarizes  the  discussion  at  the  end  of  this  chapter  will 
render  this  point  sufficiently  clear. 

Latest  of  all,  we  come  to  the  determinations  made  bv 
Ekman  and  Pettersson.*  They  tried  various  methods  of 
investigation,  and  finally  decided  upon  the  two  following: 

First.  Pure  silver  selenite,  Ag,SeO,  was  ignited,  leaviiiK 
behind  metallic  silver  in  the  subjoined  p>ercentages : 


♦Ann.  Chem.  Phann.,  113,  32.     i860. 
fBer.  d.  Dcutsch.  Chem.  GescU.,  9,  1210. 
society  at  Upsala. 


1876.     Pu 
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62.93 
62.95 
62.97 
62.94 
62.98 
62.98 
62.95 


Mean,  62.957,  ±  .005 

Second.  A  warm  aqueous  solution  of  selenious  acid  was 
mixed  with  HCl,  and  reduced  by  a  current  of  SO,.  The 
reduced  Se  was  collected  upon  a  glass  filter,  dried,  and 
weighed.    Percentages  of  Se  in  SeOj : 

71.199 
71.185 

7i.«93 

71.187 
71. 191 

Mean,  71. 191,  dt  .0016 

This  series,  combined  with  that  of  Sacc,  71.088,  ±  .032, 
gives  a  general  mean  of  71.1907,  ±  .0016. 

There  are  now  five  series  of  figures  from  which  to  deduce 
the  atomic  weight  of  selenium : 

(I.)  Per  cent,  of  Se  in  SeO,,  71.1907,  =b  .0016 
(2.)  BaSeO,  :  BaSO^  : :  100  :  88.437,  ±  .013 
(3.)  Per  cent,  of  Hg  in  HgSe,  71.7327,  zt  .003 
(4.)  Se  :  ScQ^  : :  icx> :  178.696,  ±  .125 
(5.)  Per  cent,  of  Ag  in  AgjSeO,,  62.957,  ±  .cx>5 

From  these  we  get  the  following  values  for  selenium : 

From  (i) _..Sc  =  78.894,  =b  .018 

(2) "   =  78.362,  d=  .053 

(3) "  =  78.700,  ±  .019 

•*      (4) "   =79.174,^.064 

"      (5) "   =  78.819,  ±  .025 

General  mean . "  =  78.797,  ±  .011 

If  O  =  16,  Se  =  78.978. 
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TELLURIUM. 

Particular  interest  attaches  to  the  atomic  weight  of  tellu- 
rium, on  account  of  the  speculations  of  Mendelejefif.  A^ 
cording  to  the  "periodic  law"  of  that  chemist,  tellurium 
should  lie  between  antimony  and  iodine,  having  an  atomic 
weight  greater  than  120,  and  less  than  127.  Theoretically, 
Mendelejefif  assigns  it  a  value  of  Te  =  125 ;  but  all  the 
published  determinations  lead  to  a  mean  number  higher 
than  would  be  admissible  under  the  aforesaid  "periodic 
law."  Whether  theory  or  experiment  is  at  fault  remains  to 
be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of 
the  constant  in  question,  were  made  by  Berzelius.*  By 
means  of  nitric  acid  he  oxidized  tellurium  to  the  dioxide, 
and  from  the  increase  in  weight  deduced  a  value  for  the 
metal.  He  published  only  his  final  results ;  from  which,  if 
O  =  100,  Te  =  802.121.  The  three  separate  experiments 
give  Te  =  801.74, 801.786,  and  802.838 ;  whence  we  can  cal- 
culate the  following  percentages  of  metal  in  the  dioxide : 

80.057 
80.036 
80.034 


Mean,  80.042,  ztz  .005 

The  next  determinations  were  made  by  von  Hauer,t  who 
resorteil  to  the  analysis  of  the  well  er\'stallized  double  salt 
TeBr^/JKUr.  In  this  compound  the  bromine  was  estimated 
as  silver  bromide,  the  values  assumed  for  Ag  and  Br  being 
res|Hvtively  lOS.I  and  SO.  Recalculating,  with  our  newer 
atomic  woightsJ  for  the  al>ove  named  elements,  we  get  from 
v.  Hauer  s  analyses,  for  100  i^arts  of  the  salt,  the  quantities 
of  AgBr  which  are  put  in  the  third  column : 


*  IVvg«»^-  Annil..  2S,  595.     1$SS- 
f  Siuun^,  Wirti  Akad.,  25.  142. 


^i 
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2.000  gnn.  KfTeBr^  gave  69.946  per  cent.  Br.  164.460 

6.668  *'  69.8443        **  164.221 

2.934  "  69.9113        "  164.379 

3.697  "  70.0163        "  164.626 

i.ooo  "  69.901  "  164.355 


Mean,  164.408,  d:  .045 

From  Berzelius'  series  we  may  calculate  Te  =  128.045, 
and  from  v.  Bauer's  Te  =  127.419.  Dumas,*  by  a  method 
for  which  he  gives  absolutely  no  particulars,  found  Te  =  129. 

In  1879,  with  direct  reference  to  Mendelejeflf's  specula- 
tions, the  subject  of  the  atomic  weight  of  tellurium  was 
taken  up  by  Wills.t  The  methods  of  both  Berzelius  and 
von  Hauer  were  employed,  with  various  rigid  precautions 
in  the  way  of  testing  balance  and  weights,  and  to  ensure 
purity  of  material.  In  the  first  series  of  experiments  tellu- 
rium was  oxidized  by  nitric  acid  to  form  TeO,.  The  results 
gave  figures  ranging  from  Te  =  126.31  to  129.34 : 

2.21613  gnn.  Te  gave  2.77612  grm.  TeO,. 
1.45313  "  1.81542 

2.67093  "  333838 

4.77828  "  5.95748 

2.65029  "  3-3'33' 


44 


79.828 

per 

cent.  Te. 

80.044 

<« 

80.007 

«« 

80.207 

«« 

79.989 

<< 

Mean,  80.015,  =h  .041 

In  the  second  series  tellurium  was  oxidized  by  aqua  regia 
to  TeOj  ;  with  results  varying  from  Te  =  127.77  to  128.00 : 

2.8501 1  gon.  Te  gave  3.5615*8  grm.  TeO,.    80.024  per  cent.  Te. 
3.09673  "  3*86897  "  80.040  " 


5.09365  •*  6.36612  "  80.012 

3.26604  "  4.08064  '*  80.037 


«« 


Mean,  80.028,  d:  .004 

Combining  these  series  with  that  due  to  Berzelius,  we 
have  the  following  general  mean : 

*  Aon.  d.  Chim.  et  d.  Phys.,  (3,)  55,  129.     1859. 
I.  Chem.  Society,  Oct.,  1879,  P*  7^- 
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Berzelius 80.042,  d=  .005 

Wills,  1st  series 80.015,  d=  .041 

"      2d      " 80.028,  dr  .004 

General  mean 80.035,  ±:  .003 

Hence  Te  =  127.986,  it  .035. 

By  von  Hauer's  process,  the  analysis  of  TeBr4.2KBr, 
Will's  figures  give  results  ranging  from  Te  =  126.07  to 
127.61.  Reduced  to  a  common  standard,  100  parts  of  the 
salt  yield  the  quantities  of  AgBr  given  in  the  third  column  : 

1.70673  g:nn.  KfTeBr^gave  2.80499  S"^'  AgBr.  164.349 

1.75225  "  2.88072  "  164.398 

2.06938  "  340739  "  164.657 

3.29794  "  543228  "  164.717 

2.46545  "  4.05742  "  164.571 

Mean,  164.538,  d=  .048 

Combined  with  von  Hauer's  mean,  164.408,  ±:  .045,  this 
gives  a  general  mean  of  164.468,  ±  .033.  Hence  Te  = 
127.170,  ±  .173. 

The  two  independent  values  for  Te  combine  thus : 

From  TeO, Te  =  127.986,  i  .035 

*♦      TeKjBr, "  =  127.170,  ±  .173 

General  mean "  =:  127.960,  ±  .034 

If  0  =  16,  Te  =  128.254. 

A  careful  consideration  of  the  foregoing  figures,  and  of 
the  experimental  methods  by  which  they  were  obtained, 
will  show  that  they  are  not  absolutely  conclusive  with  re- 
gard to  the  place  of  tellurium  under  the  periodic  law.  The 
atomic  weight  of  iodine,  calculated  in  a  previous  chapter,  is 
126.557.  Wills'  values  for  Te,  rejecting  his  first  series  as 
relatively  unimportant,  range  from  126.07  to  128.00 ;  that 
is,  some  of  them  fall  below  the  atomic  weight  of  iodine, 
although  none  descend  quite  to  the  125  assumed  by  Men- 
delejeff. 

In  considering  the  experimental  methods,  reference  may 
properly  be  made  to  the  controversy  regarding  the  atomic 
weight  of  antimony.  It  will  be  seen  that  Dexter,  estima- 
ting the  latter  constant  by  the  conversion  of  the  metal 


into  SbjOj,  obtained  a  value  approximately  of  Sb  =  122. 
Dumas,  working  with  SbCl,,  obtained  a  similar  value. 
Schneider  and  Cooke,  on  the  other  hand,  have  established 
an  atomic  weight  for  antimony  near  120,  and  Cooke  in  par- 
licular  has  traced  out  the  constant  errors  which  lurked 
unsuspected  in  the  work  of  Dumas  and  Dexter.  Now  in 
some  physical  respects  tellurium  and  antimony  are  quite 
similar.  As  constant  errors  vitiated  the  recently  accepted 
values  for  Sb,  so  they  may  also  effect  our  estimates  for  Te. 
The  oxidation  of  Te  by  nitric  acid  resembles  in  minor  iiar- 
ticulars  that  of  Sb.  The  analysis  of  K,TeBr,,  gives  a  low 
value  for  Te,  and  yet  the  material  may  have  contained 
traces  of  oxybromides,  the  presence  of  which  would  render 
even  that  lower  value  too  high.  A  careful  revision  of  the 
atomic  weight  of  tellurium  is  still  necessary, 


VANADIUM. 

Roscoe'a  determination  of  the  atomic  weight  of  vanadium 
is  the  only  one  having  any  present  value.  The  results  ob- 
tained by  Berzelius  *  and  by  Czudnowiczf  are  unquestion- 
ably too  high  ;  the  error  being  probably  duo  to  the  presence 
of  phosphoric  acid  in  the  vanadic  acid  employed.  This 
particular  impurity,  as  Roscoe  has  shown,  prevents  the 
complete  reduction  of  V,Oj  to  V,0,  by  means  of  hydrogen. 
All  vanadium  ores  contain  small  quantities  of  phosphorus, 
which  can  only  be  detected  with  ammonium  molybdate; 
&  reaction  unknown  in  Berzelius'  time.  Furthermore,  the 
complete  purification  of  vanadic  acid  from  all  traces  of 
phosphoric  acid  is  a  matter  of  great  difficulty,  and  probably 
never  was  accomplished  until  Roscoe  undertook  his  re- 
searches. 

In   his   determination    of    the    atomic  weight,  Roscoe  t 

•POEgcliil.  AnnoJ.,  22,  14.  1831. 
f  Poggenil.  Annal.,  120,  17.  1863. 
J  Journ.  Chem.  Soc,  6,  pp.  3J0  and  344.     186S. 
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studied  two  compounds  of  vanadium ;  namdy,  the  peni- 
oxide,  V,0,  and  the  oxy chloride,  VOCl,.  The  pentoxide, 
absolutely  pure,  was  reduced  to  V,0,  by  heating  in  hydro- 
gen, with  the  following  results : 

7.7397  gra»-  VjOj  gave  6.3827  grm.  V,0,.  17-533  V^  c«>t-  o^  J<»- 

6.5819  "  5-4296  "  17.507  ** 

5.1895  "  4.2819  "  17.4S9  " 

5.0450  "  4.1614  "  17-515  •* 

5 .4296  grm.  V,0,,  reoxidized,  gave  6. 5814  grm.  V^O^.  1 7. 501  per  cent  differeiioe. 


Mean,  17.509,  db  .005 

Hence  V  =  51.264,  ±  .025. 

Upon  the  oxychloride,  VOClg,  two  series  of  experimentB 
were  made,  one  volumetric,  the  other  gravimetric  In  the 
volumetric  series  the  compound  was  titrated  with  solutions 
containing  known  weights  of  silver,  which  had  been  purified 
according  to  the  methods  recommended  by  Stas.  Roscoe 
publishes  his  weighings,  and  gives  percentages  deduced 
from  them;  his  figures,  reduced  to  a  common  standard, 
make  the  quantities  of  VOClj  given  in  the  third  column 
proportional  to  100  parts  of  silver.  He  was  assisted  by  two 
analysts : 

Analyst  A, 


4.6840 
4.21SS 
3-9490 

-9243 
«-4330 

^-Ssjjo 
2.1^52 
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«« 


«» 


•f 


4.5525  grm.  Ag 

:-  53425 

8.7505 

53.52« 

7.8807 

53-533 

7.3799 

53-5«o 

1.7267 

53-530 

2.6769 

53-532 

Analyst  B, 

5.2S53 

«< 

53-980 

3-9535 

44 

53-755 

2.6642 

44 

53-479 

Mean,  53.586,  db  -039 


Tho  cnwiniotrio  sorios.  of  course,  fixes  the  ratio  betW86D 
ViVl/and  AgV'l.  If  we  put  the  latter  at  100  part%  tb» 
pix^jx^rtion  of  WX^l,  comes  out  as  given  in  the  ^^^ 
wlumn : 
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Analyst  A, 

1. 852 1  gnn.  VOQ,  gave  4.5932  grm.  AgCl.         40.323 

•7013  "  1.7303  "      .  40-53> 

.7486  "  1.8467  "  40.537 

1.4408  "  35719  •'  40.337 

•9453  "  2.3399  "  40.399 

1.6183  ««  4.0282  '*  40.174 

Analyst  B, 
2.1936  "  54039  "  40.39^ 

2.5054  "  6.21 18  "  40.333 

Mean,  40.378,  d:  .028 

These  two  series  give  us  two  values  for  the  molecular 
weight  of  VOCl,  : 

From  the  volumetric  series VOO,  ^  173.096,  dr  .126 

"        gravmietric    "     "      =  173.276,  dr  .141 

General  mean **      =  173.177,  d=  .094 

Hence  V  =  51.104,  ±  .104. 

Combining  the  two  values  for  V  we  get  the  following 
result :   . 

From  VjOj .V  =  51.264,  d:  .025 

"      VOCl, "  =  51.104,  dr  .104 

General  mean "  =  51.256,  d=  .024 

Or,  if  0  =  16,  V  =  51.373. 


ARSENIC. 


For  the  determination  of  the  atomic  weight  of  arsenic 
two  compounds  have  been  studied;  the  chloride  and  the 
trioxide.  The  bromide  may  also  be  considered,  since  it  was 
analyzed  by  Wallace  in  order  to  establish  the  atomic  weight 
of  bromine.  His  series,  in  the  light  of  more  recent  knowl- 
edge, may  properly  be  inverted,  and  applied  to  the  determi- 
nation of  arsenic. 

In  1826,  Berzelius  *  heated  arsenic  trioxide  with  sulphur 


*Poggend.  Annal.,  8,  i. 
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in  such  a  way  that  only  SO,  could  escape.  2.203  grammes 
of  As, Og,  thus  treated,  gave  a  loss  of  1.069  of  SO,.  Hence 
As  =  74.840.  This  is  a  close  estimation ;  but,  being  drawn 
from  a  single  experiment,  has  so  little  weight  that  it  need 
not  be  included  in  our  final  general  mean. 

In  1845  Pelouze  *  applied  his  method  of  titration  with 
known  quantities  of  pure  silver  to  the  analysis  of  the  tri- 
chloride of  arsenic,  AsClg.  Using  the  old  Berzelian  atomic 
weights,  and  putting  Ag  =  1349.01,  and  CI  =  443.2,  he 
found  in  three  experiments  for  As  the  values  937.9, 937.1, 
and  937.4.  Hence  100  parts  of  silver  balance  the  following 
quantities  of  AsClg : 

56.029 
56.009 
56.016 


Mean,  56.018,  d=  .004 

Later,  the  same  method  was  employed  by  Dumas,t  whose 
weighings,  reduced  to  the  foregoing  standard,  give  the  fol- 
lowing results : 


4.29S  grm.  AsClj  —  7.673  gnn.  Ag. 

Ratio,  56.015 

5.535              "             9.880        " 

56.022 

7.660             •'            13.686        '* 

55-970 

4.680              '•             8.358 

55-993 

Mean,  56.000,  d=  .008 

The  two  series  of  Pelouze  and  Dumas,  combined,  give  a 
general  moan  of  50.014,  it  .0035,  as  the  amount  of  AsCl| 
equivalent  to  100  parts  of  silver.  Hence  As  =  74.829,  ± 
.048,  a  value  closely  agreeing  with  that  deduced  from  the 
single  oxivrimont  of  Berzelius. 

The  s;uno  prooesc?  of  titration  with  silver  was  applied  by 
Wallaivt  to  the  analysis  of  arsenic  tribromide,  AsBr,.  This 
comix>und  was  n^j^atedly  dii?tilled  to  ensure  purity,  and 
was  well  ory^^taUizo^i.    His  weighings  show  that  the  qaanth* 


*  Compt.  Rend..  20,  1047. 

f  Ann.  Chim.  Ph>-s..  .3,^  55.  1/4-     1859. 

I  rhi!<«$os^cal  MAg:uinc.  ^4.)  iS,  279. 
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ties  of  bromide  given  in  the  third  column  are  proportional 
to  100  parts  of  silver  : 

8.3246  grm.  AsBr,  =  8.58  grm.  Ag.  97.023 

4.4368  "  4.573      "  97.022 

5.098  "  5.257      "  96.970 


Mean,  97.005,  dti  .012 

Hence  As  =  74.046,  ±  .058.  Why  this  value  should  be 
so  much  lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler,*  for  thjB  purpose 
of  establishing  the  atomic  weights  of  chromium  and  of 
arsenic,  has  already  been  described  in  the  chromium  chap- 
ter. In  that  investigation  the  amount  of  potassium  dichro- 
mate  required  to  oxidize  100  parts  ofAs,0,  toASjOg  was 
determined,  and  compared  with  the  quantity  of  potassium 
chlorate  necessary  to  produce  the  same  effect.  From  the 
molecular  weight  of  KClOj,,  that  of  KjCrjO^  was  then 
calculable. 

From  the  same  figures,  the  molecular  weights  of  KCIO, 
and  of  K,Cr,07  being  both  known,  that  of  AsjOj  may  be 
easily  determined.  The  quantities  of  the  other  compounds 
proportional  to  100  parts  of  As  jOa  are  as  follows : 

/r^Cr^Oj.  KClOy 

98.95  41.156 
98.94  41. 1 16 
99.17  41.200 
98.98  41-255 
99.0S  41.201 
99.15  41.086 
41.199 

Mean,  99.045,  d=  .02^  41.224 

41. 161 

41.193 

41.149 
41.126 


Mean,  41.172,  ±:  .009 


*l*oggoncl.  Annal.,  95.  204.     1855.     Also  113,  134.     1861. 
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Another  series  with  the  bichromate  gave  the  following 

figures : 

99.08 
99.06 
99.10 

98.97 
98.97 

Mean,  99.036,  dr  .019 
Mean  of  previous  series,  99.045,  ib  .028 

General  mean,  99.039,  d:  .016 

Other  defective  series  are  given  to  illustrate  the  partial 
oxidation  of  the  AsjOg  by  action  of  air.  The  foregoing 
figures  give  us  two  distinct  values  for  the  molecular  weight 
of  AsjOg.  In  calculating  from  the  bichromate  results  the 
value  for  chromium  deduced  from  Siewert's  determinations 
will  be  used,  viz.,  Cr  =  52.009,  ±:  .025. 

From  KCIO3  series ASjO,  ^  197-996,  ±  .049 

«     K,Cr,0,  "     ««      =  I97.777»  ±  .051 

General  mean "      =  197.894,  dr  .035 

Hence  As  =  75.002,  ±  .018. 

The  general  mean  for  As  comes  out  as  follows :  * 

From  AsQ, As  =  74.829,  ±  .048 

"     AsBr, "   =  74.046,  ±  .058 

"     AsjO, "   =  75.002,  d=  .018 

General  mean "   =  74.918,  ifc  .016 

If  0  =  16,  then  As  becomes  =  75.090. 


ANTIMONY. 


After  some  earlier,  unsatisfactory  determinations,  Ber- 
zelius,*  in  1826,  pjiblished  his  final  estimation  of  the  atomic 
weight  of  antimony.  He  oxidized  the  metal  by  means  of 
nitric  acid,  and  found  that  100  parts  of  antimony  gave 
124.8  of  Sb^O,.     Hence,  if  0  =  16,  Sb  ==  129.03.     The 

*  Poggend.  Annal.,  8,  i. 
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(  value  129  remained  in  general  acceptance  until  1855,  when 
Kessler,*  by  special  volumetric  methods,  showed  that  it  was 

I  certainly  much  too  high.  Kessler's  results  will  be  consid- 
ered more  fully  further  along,  in  connection  with  a  later 

I  paper;  for  present  purposes  a  brief  statement  of  his  earlier 

I  conclusions  will  suffice.  Antimony,  and  various  compoubds 
of  antimony,  were  oxidized  partly  by  potassium  anhydro- 
chromate  and  partly  by  potassium  chlorate ;  and  from  the 

L  amounts  of  oxidizing  agent  required,  the  atomic  weight  in 

I  question  was  deduced  : 

By  oxidation  of  Sb,Oj  From  lOO  psrB  of  Sb Sb  =  133.84 

Sbwiih  K,Cr,0, "   =123.61 

KCIO,  +  K,Cr,0, ■■   =123.71 

"  Sb^O,  with  ■'  "       "   =123.80 

"  SbjS,  with  K,Cr,0, "   =  123.58 

"  tartar  etnetic "   =119.80 

The  figures  given  are  those  calculated  by  Kessler  him- 
I  self,    A  recalculation  with  our  newer  atomic  weights  for  O, 
K,  CI,  Cr.  S,  and  C,  would  yield  slightly  lower  values.     It 
will  be  seen  that  five  of  the  estimates  agree  closely,  while 
one  diverges  widely  from  the  others.     It  will  be  shown  here- 
after that  the  concordant  values  are  all  vitiated  by  constant 
I  errors,  and  that  the  exceptional  figure  is  after  all  the  best. 
Shortly   after    the    appearance  of   Kessler's  first  paper, 
',  Schneider  t  published  some  results  obtained  by  the  reduc- 
tion of  antimony  sulphide  in   hydrogen.     The  material 
chosen  was  a  very  pure  stibnite  from  Arnsberg,  of  which 
the  gangue  was  only  quartz.     This  was  corrected  for,  and 
corrections  were  also  applied  for  traces  of  undecomposed 
sulphide  carried  off  mechanically  by  the  gas  stream,  and 
for  traces  of  sulphur  retained  by  the  reduced  antimony. 
The  latter  sulphur  was  estimated  as  barium  sulphate.     From 
I  8.2  to  10.0  grammes  of  material  were  taken  in  each  expert- 
|ment.    The  final  corrected  percentages  of  S  in  SbjS,  were 
s  follows : 


I 


•  IVggciid.  Annal,.  9S.  I'S. 

t  CoggeDd.  Anna]..  9S.  29J.     1856.     Preliminary  n 
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28.559 

28.557 
28.501 

28.554 
28.532 
28.485 
28.492 
28.481 


Mean,  28.520,  d:  .008 

Hence,  if  S  =  32,  Sb  =  120.3. 

Immediately  after  the  appearance  of  Schneider's  memoir, 
Rose  *  published  the  result  of  a  single  analysis  of  antimony 
trichloride,  previously  made  under  his  supervision  by  Weber. 
This  analysis,  if  CI  =  35.5,  makes  Sb  =  120.7,  a  value  of 
no  groat  weight,  but  in  a  measure  confirmatory  of  that  ob- 
tained by  Schneider. 

The  next  research  upon  the  atomic  weight  of  antimony 
was  that  of  Dexter,t  published  in  1857.  This  chemist,  hav- 
ing tried  to  determine  the  amount  of  gold  precipitable  by 
a  known  weight  of  antimony,  and  having  obtained  discord- 
ant results,  finally  resorted  to  the  original  method  of  Be^ 
zolius.  Antimony,  purified  with  extreme  care,  was  oxidized 
by  nitric  acid,  and  the  gain  in  weight  was  determined. 
From  1.5  to  3.3  grammes  of  metal  were  used  in  each  experi- 
n\ont.  The  reiluction  of  the  weights  to  a  vacuum  standard 
was  noglooted  as  being  superfluous.  From  the  data  ob- 
tained, wo  got  the  following  percentages  of  Sb  in  SbjO^: 

79.26S 
79.272 

79-255 
79.266 

79-253 
79.271 

79.264 
79-2(.o 
79.2S6 


*  IXVpfi^^'.  Anna!..  oS.  455.  1856. 

♦  I\>X*rnv!.  Annal.,  100,  563. 
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79.274 
79.232 
79.395   . 
79.379 


Mean,  79.283,  dr  .009 

Hence,  if  O  =  16,  Sb  =  122.46. 

The  determinations  of  Dumaa*  were  published  in  1859. 
This  chemist  sought  to  fix  the  ratio  between  silver  and 
antimonicas  chloride,  and  obtained  results  for  the  atomic 
weight  of  antimony  quite  near  to  those  of  Dexter.  The 
SbClg  was  prepared  by  the  action  of  dry  chlorine  upon  pure 
antimony;  it  was  distilled  several  times  over  antimony 
powder,  and  it  seemed  to  be  perfectly  pure.  Known  weights 
of  this  preparation  were  added  to  solutions  of  tartaric  acid 
in  water,  and  the  silver  chloride  was  precipitated  without 
previous  removal  of  the  antimony.  Here,  as  Cooke  has 
since  shown,  is  a  possible  source  of  error,  for  under  such 
circumstances  the  crystalline  argento-antimonious  tartrate 
may  also  be  thrown  down  and  contaminate  the  chloride  of 
silver.  But  be  that  as  it  may ;  Dumas'  weighings,  reduced 
to  a  common  standard,  give  as  proportional  to  100  parts  of 
silver,  the  quantities  of  SbClg  which  are  stated  in  the  third 
of  the  subjoined  columns : 

1.876  gnn.  SbCl,  =  2.660  grm.  Ag.  70.526 


4.336 

6.148 

70.527 

5.065 

7.175 

70.592 

3.475 

4.930 

70.487 

3.767 

• 

5.350 

70.411 

5.910 

8.393 

70.416 

4.828 

6.836 

70.626 

Mean,  70.512,  ±  .021 

Hence,  if  Ag  =  108,  and  CI  =  355,  Sb  =  122. 

In  1861  Kessler's  second  paper  f  relative  to  the  atomic 
weight  of  antimony  appeared.  Kessler's  methods  were 
somewhat  complicated,  and  for  full  details  the  original 
memoirs  must  be  consulted.  A  standard  solution  of  potas- 
siiiin  anhydrochromate  was  prepared,  containing  6.1466 

♦Ann.  C3iim.  Phys.,  (3,)  55,  175. 
f  Fbggend.  Annal.,  113,  145. 
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grammes  to  the  litre.  With  this,  solutions  containing 
known  quantities  of  antimony  or  of  antimony  compounds 
were  titrated,  the  end  reaction  being  adjusted  with  a  stand- 
ard solution  of  ferrous  chloride.  In  some  cases  the  titration 
was  preceded  by  the  addition  of  a  definite  weight  of  potas- 
sium chlorate,  insufficient  for  complete  oxidation ;  the  an- 
hydrochromate  then  served  to  finish  the  reaction.  The 
object  in  view  was  to  determine  the  amount  of  oxidizing 
agent,  and  therefore  of  oxygen,  necessary  for  the  conver- 
sion of  known  quantities  of  antimonious  into  antimonic 
compounds. 

In  the  later  paper  Kessler  refers  to  his  earlier  work,  and 
shows  that  the  values  then  found  for  antimony  were  all  too 
high,  except  in  the  case  of  the  series  made  with  tartar 
emetic.  That  series  he  merely  states,  and  subsequently 
ignores,  evidently  believing  it  to  be  unworthy  of  further 
consideration.  For  the  remaining  series  he  points  out  the 
sources  of  error.  These  need  not  be  rediscussed  here,  as  the 
discussion  would  have  no  value  for  present  purposes ;  suffice 
it  to  say  that  in  the  series  representing  the  oxidation  of 
SbjOa  with  anhydrochromate  and  chlorate,  the  material 
used  was  found  to  be  impure.  Upon  estimating  the  im- 
purity and  correcting  for  it,  the  earlier  value  of  Sb  =  123.80 
becomes  Sb  =  122.36,  according  to  Kessler's  calculations. 

In  the  paper  now  under  consideration  four  series  of  results 
are  given.  The  first  represents  experiments  made  upon  a 
pure  antimony  trioxide  which  bad  been  sublimed,  and  which 
consisted  of  shining  colorless  needles.  This  was  dissolved, 
together  with  some  potassium  chlorate,  in  hydrochloric  acid, 
and  titrated  with  anhydrochromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as 
untrustworthy.    The  data  for  the  others  are  as  follows : 


Sb^Oy 

KClOy 

K^Cr^O^  sol,  in  cc, 

1.7888  grin. 

.4527  grm. 

19.2  cc. 

1.6523     " 

.4506    " 

3.9    " 

3.2998     " 

.8806    " 

16.5    " 

1.3438    " 

.3492     " 

10.2    " 

From  these  figures  Kessler  deduces  Sb  =  122.16. 
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These  data,  reduced  to  a  common  standard,  give  the  fol- 
lowing quantities  of  oxygen  needed  to  oxidize  100  parts  of 
SbjOa  to  8b, O,.  Each  cubic  centimetre  of  the  K,Cr,0, 
solution  corresponds  to  one  milligramme  of  0  ; 

10.985 

10.939 

10.951 

10.936 


lo^second  series  of  experiments  pure  antimony  was 
dissolved  in  hydrochloric  acid  with  the  aid  of  an  unweighed 
quantity  of  potassium  chlorate.  The  solution,  containing 
both  antimonious  and  antimonic  compounds,  was  then  re- 
duced entirely  to  the  antimonious  condition  by  means  of 
stannous  chloride.  The  excess  of  the  latter  was  corrected 
with  a  strong  hydrochloric  acid  solution  of  mercuric  chlo- 
ride, then,  after  diluting  and  filtering,  a  weighed  quantity 
of  potassium  chlorate  was  added,  and  the  titration  with  an- 
hydrochromate  was  performed  as  usual,  Calculated  as 
above,  the  [lerceiitages  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony  : 

Si.                                  A'C/O,.  /ir,Cr,0,  ivi.  c.-.  Percml.  O. 

1.636  gmi.  o.sooo  grm.                     18.3  13.QSE 

3.0825  "  0.9500     •'                           30.1  IJ-OS" 

4.5652  ■■  I.4106     •■                           45.5  13.098 


Thi« 


3  gave  Kessler  8b  =  122.34. 


The  third  and  fourth  series  of  experiments  were  made 
with  pure  antimony  trichloride,  SbCl,,  prepared  by  the  action 
of  mercuric  chloride  upon  metallic  antimony.  This  prepa- 
ration, in  the  third  series,  was  dissolved  in  hydrochloric 
acid,  and  titrated.  In  one  experiment  solid  K,Cr,05  in 
weigiivd  amount  was  added  before  titration:  in  the  other 
two  estimations  KCIOa  was  taken  as  usual.  If,  according 
to  Siewert's  work,  we  take  Cr  =  52.009,  the  percentages  of 
oxygon  in  the  last  column  correspond  to  100  parts  of  SbCl . ; 
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Per  cent,  0, 
1.8576  grai.  SbCl,  needed  .5967  gnn.  K,Cr,Of  and  33.4  cc.  sol.  7.033S 
1.91 18  "  .3019    «*      KCIO,     "    16.2      "        7.0321 

4.1235  "  .6801     "         "  "    23.2      "        7.0222 

Mean,  7.0294,  ±  .00^ 

The  fourth  set  of  experiments  was  gravimetric.  The 
solution  of  SbClj,  mixed  with  tartaric  acid,  was  first  pre- 
cipitated by  hydrogen  sulphide,  in  order  to  remove  the 
antimony.  The  excess  of  H,S  was  corrected  by  copper 
sulphate,  and  then  the  chlorine  was  estimated  as  silver  chlo- 
ride in  the  ordinary  manner.  100  parts  of  AgCl  correspond 
to  the  amounts  of  SbCl,  given  in  the  third  column. 


1.8662  gnn.  SbClj 

gave  3.483  gnn 

.  AgCI. 

53.580 

1.6832 

3. 141 

53.588 

2.7437 

5.1115 

53.677 

2.6798 

5.0025 

53.569 

5.047 

9.41 1 

53629 

3.8975 

7.2585 

53.696 

Mean,  53.623,  d=  .015 

The  volumetric  series  with  SbCl,  gave  Kessler  values  for 
Sb  ranging  from  121.16  to  121.47.  The  gravimetric  series, 
on  the  other  hand,  vielded  results  from  Sb  =  124.12  to  124.67. 
This  discrepancy  Kessler  rightly  attributes  to  the  presence 
of  oxygen  in  the  chloride ;  and,  ingeniously  correcting  fwr 
this  error,  he  deduces  from  both  sets  combined,  the  value  of 
Sb  =  122.37. 

The  several  mean  results  for  antimony  agree  so  &irly 
with  each  other,  and  with  the  estimates  obtained  by  Dexter   "^ 
and  Dumas,  that  we  cannot  wonder  that  Kessler  felt  satisfied^! 
of  their  general  correctness,  and  of  the  inaccuracy  of 
figures  published  by  Schneider.    Still,  the  old  series  of 
obtained  by  the  titration  of  tartar  emetic  with  anliydrochnr — 
mate  contained  no  evident  errors,  and  was  not  acooani 
for.    This  series,*  if  we  reduce  all  of  Kessler's  figaieB  to 
single  common  standard,  give  a  ratio  between  E.Glrt^ 
and  C,H,KSbO..JH,0.    100  parts  of  the  former  wifl 
dize  of  the  latter : 


*  FV^gend.  Annal.,  95,  317. 


Mean.  J37.30.   ±  .29 

From  this,  if  K,Cr,Oi  =  294.64,  Sb  =  119.8. 

The  newer  atomic  weights  found  in  the  previous  chapters 
of  this  work  will  be  applied  to  the  discussion  of  all  these 
series  furtlier  along.  It  may,  howe%'er,  be  properly  noted  at 
this  point,  that  the  probable  errors  assigned  to  the  percent- 
ages of  oxygen  in  three  of  Keasler'a  series  are  too  low. 
These  percentages  are  calculated  from  the  quantities  of 
KCIO,  involved  in  the  several  reactions,  and  their  probable 
errors  should  be  increased  with  reference  to  the  probable 
error  of  the  molecular  weight  of  that  salt.  The  necessary 
calculations  would  be  more  laborious  than  the  importance 
of  the  figures  would  warrant,  and,  accordingly,  in  comput- 
ing the  final  general  mean  for  antimony,  Kessler's  figures 
will  receive  somewhat  higher  weight  than  they  are  legiti- 
mately entitled  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and 
Dumas  led  to  the  general  acceptance  of  the  value  of  122  for 
antimony  as  against  the  lower  figure  120  of  Schneider. 
Still,  in  1871,  Unger*  pubhshed  the  results  of  a  single  anal- 
ysis of  Schlippe's  salt,  NajSbS^.OHjO,  This  analysis  gave 
Sb  =  119.76,  if  S  =  32  and  Na  =  23,  but  no  great  weight 
could  be  attached  to  the  determination.  It  served,  never- 
theless, to  show  that  the  controversy  over  the  atomic  weight 
of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Keasler'a 
second  paper  the  subject  of  the  atomic  weight  of  antimony 
was  Again  taken  up,  this  time  by  Professor  Cooke.  His  re- 
sults appeared  in  the  autumn  of  1877,t  and  were  conclusive 
in  favor  of  the  lower  value,  approximately  120.    For  full 

■Archiv.  der  Phamacie,  ig7.  194.     Quolcd  by  Cooke, 
t  Proccedinp  American  Academy,  v.  13. 
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details  the  original  memoir  must  be  consulted ;  only  a  few 
of  the  leading  points  can  be  cited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was 
already  formed.  Cooke,  reversing  the  method,  effected  the 
synthesis  of  this  compound.  Known  weights  of  pure  anti- 
mony were  dissolved  in  hydrochloric  acid  containing  a  little 
nitric  acid.  In  this  solution  weighed  balls  of  antimony 
were  boiled  until  the  liquid  became  coloriess ;  subsequently 
the  weight  of  metal  lost  by  the  balls  was  ascertained.  To 
the  solution,  which  now  contained  only  antimonious  com- 
pounds, tartaric  acid  was  added,  and  then,  with  a  supersat- 
urated aqueous  sulphhydric  acid,  antimony  trisulphide  was 
precipitated.  The  precipitate  was  collected  by  an  ingenious 
process  of  reverse  filtration,  converted  into  the  black  modi- 
fication by  drying  at  210°,  and  weighed.  After  weighing, 
the  SbjSg  was  dissolved  in  hydrochloric  acid,  leaving  a  car- 
bonaceous residue  unacted  upon.  This  was  carefully  esti- 
mated and  corrected  for.  About  two  granmies  of  antimony 
were  taken  in  each  experiment  and  thirteen  syntheses  were 
performed.  In  two  of  these,  however,  the  antimony  tri- 
sulphide was  weighed  only  in  the  red  modification,  and  the 
results  were  uncorrected  by  conversion  into  the  black  va- 
riety and  estimation  of  the  carbonaceous  residue.  In  fact, 
every  such  conversion  and  correction  wa^  preceded  by  a 
weighing  of  the  red  modification  of  the  SbjSg.  The  mean 
result  of  these  weighings,  if  S  =  32,  gave  Sb  =  119.994. 
The  mean  result  of  the  corrected  syntheses  gave  Sb  = 
120.295.  In  these  eleven  experiments  the  following  per- 
centages of  S  in  SbjSg  were  established: 

28.57 

28.60 

28.57 

28.43 

28.42 

28.53 
28.50 

28.49 

28.58 

28.50 

28.51 

Mean,  28.5182,  rb  .0120 


ANTTMOVY.  If" 

These  results,  confirmatory  of  the  work  of  Schneider, 
were  presented  to  the  American  Academy  in  1876.  Still, 
before  publication,  Cooke  thought  it  best  to  repeat  the  work 
of  Dumas,  in  order  to  detect  the  cause  of  the  old  discrepancy 
between  tlie  values  Sb  =  120  and  Sb  =  122.  Accordingly, 
various  samples  of  antimony  trichloride  wero  taken,  and 
purified  by  repeated  distillations.  The  final  distillate  was 
further  eiibjected  to  several  recrystalUzations  from  the  fused 
state ;  or,  in  one  case,  from  a  saturated  solution  in  bisulphide 
of  carbon.  The  jjortions  analyzed  were  dissolved  in  con- 
centrated aqueous  tartaric  acid,  and  precipitated  by  silver 
nitrate,  many  precautions  being  observed.  The  silver  chlo- 
ride was  collected  by  reverse  filtration,  and  dried  at  temper- 
atures from  110°  to  120°,  In  one  experiment  the  antimony 
was  first  removed  by  H,S.  Seventeen  experiments  were 
made,  giving,  if  Ag  =  108  and  CI  =  35.5,  a  mean  value  of 
Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke's 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the 
quantities  of  SbCl^  stated  in  the  third  column: 


5^74  enn.  SbCl, 

gave  3.0124  gmi 

AgCI.         S3-028 

»S33 

2-3620 

S3-o6i 

8876 

I.67S4 

51-978 

8336 

t.s674 

S3  '84 

S3rf 

I.OtUI 

53-'i48 

7170 

1.3691 

53101 

,679 

3-3883 

53-088 

9411 

3.6646 

52.999 

770a 

3-3384 

53-0=5 

5030 

4-7184 

53048 

14S0 

4-0410 

530S1 

7697 

3-3^8. 

53- '75 

3435 

4-4157 

S3-07* 

3686 

1-5813 

53020 

8638 

3.5146 

53030 

0300 

3.828a 

530J8 

4450 

4,6oS6 

53-053 

Me.-ui,  53.066 

This  mean  may  be  combined  with  that  of  Kesaler's  series, 
ts  follows: 
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Kessler 53*623*    db  .015 

Cooke 53.066,    dr  .0096 

General  mean 53.2311,^1.008 

The  results  thus  obtained  with  SbClj  confinned  ^Dumas' 
determination  of  the  atomic  weight  of  antimony  as  remark- 
ably as  the  syntheses  of  SbjSj  had  sustained  the  work  of 
Schneider.  Evidently,  in  one  or  the  other  series  a  constant 
error  must  be  hidden,  and  much  time  was  spent  by  Cooke 
in  searching  for  it.  It  was  eventually  found  that  the  chlo- 
ride of  antimony  invariably  contained  traces  of  oxychloride, 
an  impurity  which  tended  to  increase  the  apparent  atomic 
weight  of  the  metal  under  consideration.  If  was  also  found, 
in  the  course  of  the  investigation,  that  hydrochloric  acid 
solutions  of  antimonious  compounds  oxidize  in  the  air  dur- 
ing boiling  as  rapidly  as  ferrous  compounds ;  a  feet  which 
explains  the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  "assurance  doubly  sure,"  Professor 
Cooke  also  undertook  the  analysis  of  the  bromide  and  the 
iodide  of  antimony.  The  bromide,  SbBrg,  was  prepared  by 
adding  the  finely  powdered  metal  to  a  solution  of  bromine 
in  carbon  disulphide.  It  was  purified  by  repeated  distilla- 
tion over  pulverized  antimony,  and  by  several  recrystalliza- 
tions  from  bisulphide  of  carbon.  The  bromine  determina- 
tions resembled  those  of  chlorine,  and  gave,  if  Ag  =  108 
and  Br  =  80,  a  mean  value  for  antimony  of  Sb  =  120. 
Reduced  to  a  common  standard,  the  fifteep  analyses  give 
the  subjoined  quantities  of  SbBr3  proportional  to  100  parts 
of  silver  bromide : 


1. 8621  grm. 

SbBr, 

gave  2.9216 

grm.  AgBr. 

63.736 

.9856 

(1 

1.5422 

« 

63.909 

1.8650 

(< 

2.9268 

II 

63.721 

^•5330 

<t 

2.4030 

« 

63.795 

1.3689 

ct 

2.1445 

II 

63.833 

I. 2124 

tl 

1. 8991 

If 

63.841 

.9417 

I( 

1.4749 

II 

63.848 

2.5404 

If 

3.9755 

11 

63.901 

1.5269 

ft 

2.3905 

(1 

63.874 

1.8604 

it 

2.9180 

II 

63.756 

1.7298 

<i 

2.7083 

«i 

63.870 
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3.1838  gnn.  SbHr,  gave  5.IJ58  grni.  Agbr.  63.890 

a.JS89  ■'  3-&959         "  63.825 

i.jjaj  "  3.0863  "  63.859 

a.6974  '■  4.»*8s  '•  63.7^1 

Mean.  63,830,  ±  .008 

The  iodide  of  natimony  was  prepared  like  the  bromide, 
and  analyzed  in  the  same  way.  At  first,  discordant  results 
were  obtained,  due  to  the  presence  of  oxyiodide  in  the  iodide 
studied.  The  impurity,  however,  waa  removed  by  sublim- 
ing the  iodide  in  an  atmosphere  of  dry  carbon  dioxide. 
With  this  purer  material^  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =  108  imd  I  ^  127,  a  value  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  uniform  standard,  Cooke's 
weighings  give  the  following  quantities  of  Sblj  proportional 
to  100  parts  of  silver  iodide : 


.1877  E""-  Sbl 

eav 

1.6737  grm. 

.4610 

,6497 

.1537 

4.5716 

.8068 

2.5389 

.5970 

3,3456    ■ 

J-JW" 

3-I645    ■ 

.3496 

.4917 

Mean.  71.060,  ±  .033 

Although  Cooke's  work  was  practically  conclusive,  as 
between  the  rival  values  for  antimony,  his  results  were 
severely  criticized  by  Kessler,*  who,  evidently,  had  read 
Cooke's  paper  in  a  very  careless  way.  On  the  other  baud, 
Schneider  published  in  Pnggendorff's  Annaleu  a  friendly 
review  of  the  new  determinations,  which  so  splendidly  vin- 
dicated his  own  accuracy.  In  reply  to  Kessler,  Cooke  un- 
dertook still  another  series  of  experiments  with  antimony 
bromide.t  and  obtained  absolute  confirmation  of  his  pre- 
vious results.  To  a  solution  of  antimony  bromide  was 
added  a  solution  containing  a  known  weight  of  silver  not 
quite  sufficient  to  precipitate  all  the  bromine.     The  excess 

■  Berichie  d.  Dcutsch.  Chem.  Gi:sell.,  I3,  1044.     1879. 
tAinci.  Jouni.  Sei.  and  Arts,  May.  iSSo.     Bcridiie,  13,951. 
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of  the  latter  was  estimated  by  titration  with  a  normal  silver 
solution.  Five  analyses  gave  values  for  antimony  ranging 
from  119.98  to  120.02,  when  Ag  =  108  and  Br  =  80.  Re- 
duced to  a  common  standard,  the  weights  obtained  gave 
the  amounts  of  SbBrj  stated  in  the  third  column  as  propor- 
tional to  100  parts  of  silver  : 

^•5032  6"^-  SbBr,  =  2.2528  grin.  Ag.  iii.ii$ 

2.0567             "  1.8509        *•  1 1 1. 1 19 

2.6512             '*  2.386«        "  III. 115 

3.3053             "  2.9749        "  1 1 1. 106 

2.7495             **  2.4745        ••  1 1 1. 1 13 

Mean,  111.114,  di  .0014 

Schneider,*  also,  in  order  to  more  fully  answer  Kessler's 
objections,  repeated  his  work  upon  the  Arnsberg  stibnite. 
This  he  reduced  in  hydrogen  as  before,  correcting  scrupu- 
lously for  impurities.    The  following  percentages  of  sulphur 

were  found : 

28.546. 

28.534 
28.542 

Mean,  28.541,  dr  .0024 

These  figures  confirm  his  old  results,  and  may  be  fairly 
combined  with  them  and  with  the  percentages  found  by 
Cooke,  as  follows : 

Schneider,  early  series 28.520,    r»r  .008 

"  late       "     28.541,    ±:  .0024 

Cooke 28.5182,  rt  .0I20 

General  mean 28.5385,  ^  .0023 

We  have  now  before  us  the  following  ratios,  good  and 
bad,  from  which  to  calculate  the  atomic  weight  of  antimony. 
The  single  results  obtained  by  Weber  and  by  Unger,  being 
unimportant,  are  not  included : 

(i.)  Percentage  of  S  in  Sb^S,,  28.5385,  d=  .0023 

(2.)  "  Sb  in  Sb^O^,  79.283,  i  .009 

(3.)  O  needed  to  oxidize  100  parts  SbClj,  7.0294,  :t  .0024 

(4.)  O  "  •*  SbjO,.  10.953,  db  .0075 

(S-)  O  "  "  Sb,  13.079,  db  .0096 

♦  Joum.  filr  Prakt.  Chem.,  (2,)  22,  131. 
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(6.)  K,Cr,0, :  tartar  emetic  : :  loo  :  337.30*  d=  .29 

(7.)  Ag  :  SbCl,  : :  icx> :  70.512,  db  .021 

(8.)  AgCl :  SbQ,  •:!€»:  53.2311,  ±  .008 

(9.)  Ag  :  SbBr,  : :  icx> :  1 1 1. 1 14,  =b  .0014 
(10.)  AgBr  :  SbBr,  : :  icx> :  63.830,  zh  .008 
(II.)  Agl  :  Sbl,  : :  lOO  :  71.060,  d=  .023 

Three  of  these  ratios  give  estimates  for  the  molecular 
weight  of  antimony  trichloride,  and  two  give  correspond- 
ing, values  for  the  bromide.  These  values  may  be  combined, 
as  follows :  First,  for  the  chloride  we  have — 

From   (3) SbCl,  =  227.094,  dr  .115 

(7) "      =  227.771,  =b  .091 

(8) "      =  228.433*  ±  -039 

General  mean **      =  228.225,  =b  .034 

Hence  Sb  =  122.115,  ±  .055. 
For  the  bromide  we  get : 

From  (9) SbBr,  =  358.926,  =b  .032 

"    (10) "      =  358.935.  =t: -060 

General  mean "     =  358.929,  =b  .029 

Hence  Sb  =  119.625,  ±  .063. 

From  all  the  data  eight  values  for  Sb  may  be  deduced. 
These  fall  into  two  groups ;  the  one  near  the  number  120, 
the  other  not  far  from  122.  In  making  the  calculation  the 
atomic  weights  found  in  previous  chapters  are  applied; 
the  value  selected  for  chromium  being  that  deduced  from 
Siewert's  experiments : 


Low. 


High. 


1.  From  Sb^S|,  ratio  (i) Sb  =  120.145,  ^  '^5 

2.  "      SbBr, "  =  119.625,  db  .063 

3.  "      Sbig,  ratio  (ii) "  =  119.665,  =b  .179 

4.  "      tartar  emetic,  ratio  (6) "  =  118.690,  ±  .278 

5.  «•       SbjO^,  ratio  (2) "  =  122.181,  rb  .061 

6.  "      SbCl, "  =  122.115,  rb  .055 

7.  "      ratio  (4) "  =  121.798,  db  .105 

8.  "  "    (5) "  =  122.053,  rfc  .094 

General  mean "  =  121.027,  db  .025 

General  mean  of  values  i  to  4..  "    =  119.935,  ^  -^3^ 
"  "  5  "  8—  "    =  122.092,  db  .035 

Although  the  means  of  the  four  lower  values  and  of  the 
four  higher  values  are  thus  shown  to  be  approximately 
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equal  in  weight,  we  know  from  Cooke's  experiments  tiiat 
the  larger  mean  is  vitiated  by  serious  constant  errors.  Only 
in  value  5,  the  result  calculated  from  Dexter's  experiments, 
has  the  constant  error  not  been  pointed  out.  Cooke  consid- 
ers it  probable,  however,  that  the  Sbj04  involved  in  this 
work  contained  traces  of  some  lower  oxide,  which,  if  present, 
would  render  the  atomic  weight  of  antimony  apparently  too 
high.  Chemically  considered,  the  preponderance  of  evi- 
dence is  strongly  in  favor  of  values  1  to  3,  deduced  from 
the  experiments  of  Schneider  and  of  Cooke.  These  give  a 
general  mean  of  Sb  =  119.955,  ±  .036;  or,  if  O  =  16,  this 
becomes  Sb  =  120.231. 

This  we  may  accept  as  most  nearly  the  true  result,  and 
reject  the  data  of  Dexter,  Dumas,  and  Kessler  altogether. 

Since  this  chapter  was  written,  Pfeifer  has  compared  the 
amount  of  antimony  thrown  down  electrolytically,  with  the 
quantity  of  silver  deposited  by  the  same  current  in  the  same 
time.  From  rather  meagre  data  he  concludes  that  the  atomic 
weight  of  antimony,  thus  determined,  may  be  121.  Addi- 
tional investigation  is  promised.  The  figures  thus  far  pub- 
lished would  weigh  little  as  against  Cooke's  experiments. 
(Ann.  Chem.  Pharm.,  209, 161.     1881.) 


BISMUTH. 


Early  in  the  century  the  combining  weight  of  bismuth 
was  approximately  fixed  through  the  experiments  of  Lager- 
hjelm.*  Effecting  the  direct  union  of  bismuth  and  sulphur, 
he  found  that  ten  parts  of  the  metal  yield  the  following  quan- 
tities of  trisulphide : 

12.2520 
12.2065 
12.2230 
12.2465 

Mean,  12.2320 


*  Annals  of  Philosophy,  4,  358.     1 81 4.     Results  adopted  bj 
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Hence  B  =  215  in  round  numbers,  a  value  now  known 
to  be  much  too  high.  Lagerhjelm  also  oxidized  bismuth 
with  nitric  acid,  and,  after  ignition,  weighed  the  trioxide 
thus  formed.  Ten  parts  of  metal  gave  the  following  quan- 
tities of  BijOg  : 

1 1. 1382 
II. 1275 


*  Mean,  ii.  13285 

Hence,  if  O  =  16,  Bi  =  211.85,  a  figure  still  too  high. 

In  1851  the  subject  of  the  atomic  weight  of  bismuth  was 
taken  up  by  Schneider,*  who,  like  Lagerhjelm,  studied  the 
oxidation  of  the  metal  with  nitric  acid.  The  work  was 
executed  with  a  variety  of  experimental  refinements,  by 
means  of  which  every  error  due  to  possible  loss  of  material 
was  carefully  avoided.  For  full  details  the  original  paper 
must  be  consulted ;  there  is  only  room  in  these  pages  for  the 
actual  results,  as  follows.  The  figures  represent  the  percen- 
tages of  Bi  in  BijO,  : 

89.652 
89.682 
89.644 
89.634 
89.656 
89.666 
89.655 

89-653 


Mean,  89.6552,  d=  .0034 

Hence  Bi  =  207.523,  ±  .082 ;  or,  if  0  =  16,  Bi  =  208.001. 

Finally,  we  come  to  the  results  obtained  by  Dumas.f 
Bismuth  trichloride  was  prepared  by  the  action  of  dry 
chlorine  upon  bismuth,  and  repeatedly  rectified  by  dis. 
tillation  over  bismuth  powder.  The  product  was  weighed 
in  a  closed  tube,  dissolved  in  water,  and  precipitated  with 
sodium  carbonate.    In  the  filtrate,  after  strongly  acidulating 

*  Poggend.  Annal. ,  82,  303.  185 1 . 

t  Ann.  de  Chim.  ct  dc  Phys.,  (3,)  55,  176.  1859. 
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with  nitric  acid,  the  chlorine  was  precipitated  by  a  known 
amount  of  silver.  The  figures  in  the  third  column  shov 
the  quantities  of  BiCl,  proportional  to  100  parts  of  silver: 


3.506  gnn. 

BiO 

t  —  3.545  gnn- 

Ag. 

98.900 

1. 149 

4< 

1. 168 

«« 

98.373 

1.5965 

(« 

1.629 

•( 

98.005 

2.1767 

<( 

2.225 

(« 

97.829 

3.081 

•  < 

3.144 

« 

97996 

2.4158 

« 

2.470 

«< 

97.806 

1.7107 

(( 

1.752 

« 

97.643 

3-5^3 

(( 

3.6055 

(( 

97.712 

5.241 

«( 

5.361 

«< 

Mean, 

97.762 
,  98.003,  d=  .090 

Hence  Bi  =  210.464,  ±  .294. 

The  first  three  of  the  foregoing  series  of  experiments  were 
made  with  slightly  discolored  material,  and  may  therefore 
be  rejected.  The  remaining  six  percentages  give  a  mean  of 
97.791 ;  whence  Bi  =  209.78 ;  or,  if  O  =  16,  Bi  =  210.26. 

As  between  the  unaccordant  results  of  Schneider  and  of 
Dumas,  those  of  the  former  chemist  are  probably  nearest 
correct.  His  method  of  determination  was  the  more  reliable, 
and  the  details  which  he  gives  concerning  his  manipulations 
afford  strong  presumptions  of  accuracy.  Doubtless  the  bis- 
muth trichloride  used  by  Dumas,  contained,  like  the  corres- 
ponding antimony  compounds,  traces  of  oxychloride.  We 
may  fairly  assume,  for  all  practical  purposes,  that  the  atomic 
weight  of  bismuth  cannot  be  far  from  208. 


TIN. 

Stannic  oxide  and  stannic  chloride  are  the  compounds 
which  have  been  studied  in  estimating  the  atomic  weight 
of  tin. 

The  composition  of  stannic  oxide  has  been  fixed  in  two 
ways;  by  synthesis  from  the  metal,  and  by  redaction  in 
hydrogen.  For  the  first  method  we  may  consider  the  woik 
of  Berzelius,  Mulder  and  Vlaanderen,  and  Dumas. 
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Berzelius  *  oxidized  100  parts  of  tin  by  nitric  acid,  and 
found  that  127.2  parts  of  SnOj  were  formed. 

The  work  done  by  Mulder  and  Vlaanderen  f  was  done  in 
<x)nnection  with  a  long  investigation  into  the  composition  of 
Banca  tin,  which  was  found  to  be  almost  absolutely  pure. 
For  the  atomic  weight  determinations,  however,  really  pure 
tin  was  taken,  prepared  from  pure  tin  oxide.  This  metal 
was  oxidized  by  nitric  acid,  with  the  following  results.  100 
parts  of  tin  gave  of  SnOj : 

127.56— Mulder. 
127.56 — Vlaanderen. 
127.43— 


Mean,  127.517,  dr  .029 

Dumas  t  oxidized  pure  tin  by  nitric  acid  in  a  flask  of 
glass.  The  resulting  SnOj  was  strongly  ignited,  first  in  the 
flask,  and  afterwards  in  platinum.  His  weighings,  reduced 
to  the  foregoing  standard,  give  for  dioxide  from  100  parts 
of  tin  the  amounts  stated  in  the  third  column : 

12.443  S'™*  ^^  S^v^  15.820  gnxi.  SnO,.  127.14 

15.976  "  20.301  "  127.07 


'  Mean,  127.105,  d=  .024 

In  an  investigation  later  than  that  previously  cited, 
Vlaanderen  ||  found  that  when  tin  was  oxidized  in  glass  or 
porcelain  vessels,  and  the  resulting  oxide  ignited  in  them, 
traces  of  nitric  acid  were  retained.  When,  on  the  other 
hand,  the  oxide  was  strongly  heated  in  platinum,  the  latter 
was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
uncertain.  He  therefore,  in  order  to  fix  the  atomic  weight 
of  tin,  reduced  the  oxide  by  heating  it  in  a  porcelain  boat 
in  a  stream  of  hydrogen.  Two  experiments  gave  Sn  = 
118.08,  and  Sn  =  118.24.  These,  when  0  =  16,  become,  if 
reduced  to  the  above  common  standard. 


♦  Poggend.  Annal.,  8,  177. 

t  Joum.  f&r  Prakt.  Chem.,  49,  35.     1849. 

}  Ann.  Chem.  Pharm.,  113,  26. 

II  Jahresbericht,  1858,  183. 
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127.103 
127.064 

Mean,  127.082,  dz  .012 


t 


We  have  uow  four  series  of  results  showing  the  quantity 
of  SnO,  formed  from  100  parts  of  tin.  To  Berzelius*  single 
value  may  be  assigned  the  probable  error  of  a  single  experi- 
ment in  Mulder  and  Vlaanderen's  series  : 

Berzelius 127.200,  dt  .041 — Oxidation. 

Mulder  and  Vlaanderen 127.517,  ±  .029 —        " 

Dumas 127.105,  d=  .024 —        " 

Vlaanderen 127.082,  ±  .012 — Reduction. 

General  mean r.   127.143,  zt  .0098 

Dumas,  in  the  paper  previously  quoted,  also  gives  the 
results  of  some  experiments  with  stannic  chloride,  SnCi^. 
This  was  titrated  with  a  solution  containing  a  known  weight 
of  silver.  From  the  weighings  given,  100  parts  of  silver 
correspond  to  the  quantities  of  SnCl^  named  in  the  third 
column  : 

1.839  6""*  SnCl^  =  3*054  g"**-  -"^g'  60.216 

•  2.665  "  4.427         '*  60.199 

Mean,  60.207,  =t  -oo^ 

All  these  data  properly  combined  give  us  the  following 
values  for  the  atomic  weight  of  tin : 

From  SnO, Sn  -=  117.624,  d=  .050 

•♦      SnCI^_ ••   =117.832,1^.067 


General  mean •*   =  117.698,  ±  .040 

If  O  =  16,  this  becomes  Sn  =  117.968. 


TITANIUM. 

The  earliest  determinstions  of  the  atomic  weight  of  tita- 
nium are  doe  to  Heiorich  Rose.*  In  his  first  investigation 
he  studied  the  conversion  of  titanium  sulphide  into  titanic 
acid,  and  ohtoined  erroneous  results ;  later,  in  1829,  he  pub- 
lished his  analyses  of  the  chloride.t  This  compound  was 
purified  by  repeated  rectifications  over  mercury  and  over 
potassium,  and  was  weighed  in  bulbs  of  thin  glass.  These 
were  broken  under  water  in  tightly  stoppered  flasks ;  the 
titanic  acid  w^  precipitated  by  ammonia,  and  the  chlorine 
was  estimated  as  silver  chloride.  The  following  results  were 
obtained.  In  a  fourth  column  I  give  the  TiO,  in  percent- 
ai;es  referred  to  TiCl^  as  100;  aitd  in  a  fifth  column  the 
quantity  of  TiCl«  proportional  to  100  parts  of  AgCl : 


ncl^. 

no,. 

yigCl. 

Per  (ml.  TiO, 

^a  RaHe 

.«8sg™. 

379  p"- 

2.661  gnn 

42.82s 

33*58 

1.6365  •■          I 

IK»     •' 

7.9S4    •' 

42.481 

33- "47 

1.7157  " 

73a     •' 

S-iT    " 

41-66S 

33- '73 

lo*Si  "         ' 

jaa    " 

9.198    ■' 

43-4»3 

sa-'oo 

J.4403  "          1 

056    " 

7  37*    " 

43*73 

33- "o* 

.    Mein,  42.933,  ± 

121     33-1S6.  =1 

If  we  directly  compare  the  AgCl  with  the  TiO,  we  shall 
Bnd  100  parts  of  the  former  proportional  to  the  following 
]iiaiitities  of  the  latter : 


Heu,  14-135.  ±  .036 
From  all  these  figaree  ve  can  get  three  valaes  for  Ti,  thus : 

■  Gilbert'!  Aniulen,  i8s3,  67  and  iiq, 

f  Poggeud.  AooaI.,  15,  145.     Ben.  Lchrtnicb.  3,  I JIA. 
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From  per  cent.  TiO, Ti  =  50.493,  dr  .410 

AgCl  :  TiCl^ "  =  48.232,  ±  .127 

AgCl  :  TiO, "  =  49.523.  d=  .206 


General  mean "   =  48.710,  db  .105 

These  results  will  be  discussed  further  along  in  connection 
with  others. 

Shortly  after  the  appearance  of  Rose's  paper,  Mosander* 
published  some  figures  giving  the  percentages  of  oxygen  in 
titanium  dioxide,  from  which  a  value  for  the  atomic  weight 
of  titanium  was  deduced.  Although  no  details  are  furnished 
as  to  experimental  methods,  and  no  actual  weighings  are 
given,  I  cite  his  percentages  for  whatever  they  may  be  worth: 

40.814 
40.825 
40.610 
40.180 
40. 107 
40.050 
40.780 
40.660 
39.830 


Mean,  40.42S 

These  figures  give  values  for  Ti  ranging  from  46.277  to 
48.231 ;  or,  in  mean,  Ti  =  47.045.  They  are  not,  however, 
sufficiently  explicit  to  deserve  any  further  consideratioa 
It  will  be  noticed  that  the  highest  value  nearly  coincides 
with  Rose's  lowest. 

In  1847  Isidor  Pierre  made  public  a  series  of  important 
determinations.!  Titanium  chloride,  free  from  silicon  and 
from  iron,  was  prepared  by  the  action  of  chlorine  upcm  • 
mixture  of  carbon  with  pure,  artificial,  titanic  acid.  This 
chloride  was  weighed  in  sealed  tubes,  these  were  broken 
under  water,  and  the  resulting  hydrochloric  acid  wis 
titrated  with  a  standard  solution  of  silver  after  the  method 


*  Berz.  Jahresbcricht,  10,  108.     1 83 1. 
t  Ann.  de  Chim.  et  Phys..  (3.)  20,  257. 
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of  Pelouze.    I  subjoin  Pierre's  weighings,  and  add,  in  a 
third  column,  the  ratio  of  TiCl^  to  100  parts  of  silver: 


na^. 

Ag. 

Ratio, 

.8215  gnn. 

1.84523  grai. 

44.520 

.7740  " 

1.73909  " 

44.506 

.7775  " 

1.74613  " 

44.527 

.7160  " 

1.61219  " 

44.412 

.8085  " 

1.82344  " 

44.339 

.6325  " 

1.42230  " 

44.470 

.8155  " 

1.83705  " 

44.392 

.8165  " 

1.83899  " 

44.399 

.8065  «* 

I. 81965  " 

44.322 

Mean,  44432,  ±.  0173 

It  will  be  seen  that  the  first  three  of  these  results  agree 
well  with  each  other  and  are  much  higher  than  the  remain- 
ing six.  The  last  four  experiments  were  made  purposely 
with  tubes  which  had  been  previously  opened,  in  order  to 
determine  the  cause  of  the  discrepancy.  According  to 
Pierre,  the  opening  of  a  tube  of  titanium  chlonde  admits  a 
trace  of  atmospheric  moisture.  This  causes  a  deposit  of 
titanic  acid  near  the  mouth  of  the  tube,  and  liberates  hydro- 
chloric acid.  The  latter  gas  being  heavy,  a  part  of  it  falls 
back  into  the  tube,  so  that  the  remaining  chloride  is  richer 
in  chlorine  and  poorer  in  titanium  than  it  should  be. 
Hence,  upon  titration,  too  low  figures  for  the  atomic  weight 
of  titanium  are  obtained.  Pierre  accordingly  rejects  all  but 
the  first  three  of  the  above  estimations : 

From  all  of  Picrrc*s_ Ti  =  49.889,  ifc  .096 

"     the  first  three "  =  50.259,  dr  .063 

The  memoir  of  Pierre  upon  the  atomic  weight  of  titanium 
was  soon  followed  by  a  paper  from  Demoly,*  who  obtained 
much  higher  results.  He  also  started  out  from  titanic  chlo- 
ride, which  was  prepared  from  rutile.  The  latter  substance 
was  found  to  contain  1.8  per  cent,  of  silica ;  whence  Demoly 
inferred  that  the  TiCl4  investigated  by  Rose  and  by  Pierre 

*  Ann.  Chem.  Pharm.,  72,  214.     1849.     Berz.  Jahresb.,  30,  58. 
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might  have  been  contaminated  with  SiCl4,  an  impurity 
which  would  lower  the  value  deduced  for  the  atomic  weight 
under  consideration.  Accordingly,  in  order  to  eliminate  all 
such  possible  impurities,  this  process  was  resorted  to:  the 
chloride,,  after  rectification  over  mercury  and  potassium,  was 
acted  upon  by  dry  ammonia,  whereupon  the  compound 
TiCl4.4NH3  was  deposited  as  a  white  powder.  This  was 
ignited  in  dry  ammonia  gas,  and  the  residue,  by  means  d 
chlorine,  was  reconverted  into  titanic  chloride,  which  was 
again  repeatedly  rectified  over  mercury,  potassium,  and 
potassium  amalgam.  The  product  boiled  steadily  at  135°. 
This  chloride,  after  weighing  in  a  glass  bulb,  was  decomposed 
by  water,  the  titanic  acid  was  precipitated  by  ammonia,  and 
the  chlorine  was  estimated  in  the  filtrate  as  silver  chloride. 
Three  analyses  were  performed,  yielding  the  following  re- 
sults.   I  give  the  actual  weighings : 

1.470  grm.  TiQ^  gave  4.241  gnn.  AgCl  and  .565  grm.  TiO,. 
2.330    '  "  6.752  "  .801 

2.880  "  8.330  •*  1.088 


u 

it 


The  ".801 "  in  the  last  column  is  certainly  a  misprint  for 
.901.  Assuming  this  correction,  the  results  may  be  given 
in  three  ratios,  thus : 

Per  cent,  TiO^from  TiCl^,        TiCl^  :  too  AgCL  TiO^  :  100  AgCL 

38.435  34.662  13.322 

38.669  34.508  13.344 

37.778  34.574  15.061 

Mean,  38.294,  ±  .180  34.581,  d=  .030  13242,  —  06' 

These  three  ratios  give  three  widely  divergent  values  fe 
the  atomic  weight  of  titaniun ; 

From  per  cent.  TiO, Ti  =  36.063,  d:  .519 

AgCl  :  TiOa "  =  43-841.  ±  .350 

AgCl  :  TiCl^ "  =  56.386,  db  .181 


General  mean "  =  52.191,  ^  .153 

The  value  assumed  by  Demoly  is  56 ;  who  employs  tat 
one  ratio  and  ignores  practically  the  others. 
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Upon  comparing  Demoly's  figures  with  those  obtained  by 
Bose,  certain  points  of  similarity  are  plainly  to  be  noted. 
Both  sets  of  results  were  reached  by  essentially  the  same 
method ;  and  in  both  the  discordance  between  the  percent- 
ages of  titanic  acid  and  of  silver  chloride  is  glaring.  This 
discordance  can  rationally  be  accounted  for  by  assuming 
that  the  titanic  chloride  was  in  neither  case  absolutely 
what  it  purported  to  be ;  that,  in  brief,  it  must  have  con- 
tained impurities ;  such  for  example  as  hydrochloric,  acid, 
as  shown  in  the  experiments  of  Pierre,  or  possibly  traces  of 
oxychlorides.  Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attained  by  Pierre,  for  he  neglected  the 
direct  estimation  of  the  titanic  acid  altogether,  thus  leaving 
us  without  means  for  correctly  judging  as  to  the  character 
of  his  material.  In  fact,  not  one  of  the  determinations  o( 
the  atomic  weight  of  titanium  can  be  regarded  as  trust- 
worthy. AH  depend  upon  the  chloride,  and  the  volatile 
chlorides  of  metats  are  as  a  class  especially  [iable  to  con- 
taminations of  a  kind  most  difficult  to  recognize.  Possibly 
a  series  of  good  determinations  might  be  based  upon  analy- 
ses of  some  of  the  titanofluorides.  I  subjoin  a  combination 
of  the  foregoing  mean  values,  feeling  that  such  a  general 
average  is  a  little  better  than  any  one  set  of  determinations 
taken  singly : 

From  Rose's  analyses Ti  =  48.710,  d;  .105 

"     Kerre's      "       •■  =49.889,  ±  .096 

"     Demdly's  ■■       "  =52.191.^.153 

Genenlmeaii "  =:  49.S46,  ±  .064 

Or,  if  0  =  16,  Ti  =  49.961. 

This  mean  agrees  with  the  average  of  all  of  Pierre's  ex- 
periments. 
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ZIRCONIUM. 

The  atomic  weight  of  zirconium  has  been  determined  by 
Berzelius,  by  Hermann,  and  by  Marignac.  Berzelius*  ig- 
nited the  neutral  sulphate,  and  thus  ascertained  the  ratio  in 
it  between  the  ZrO,  and  the  SOj.  Putting  SOj  at  100,  he 
gives  the  following  proportional  quantities  of  ZrO, : 

75.84 

75.92 
75.80 

75.74 
75.97 
75.85 


Mean,  75.853»  ±  -023 

Hence  Zr  =  89.255,  ±  .039 ;  or,  if  0  =  16,  then  Zr  = 
89.461. 

Hermann's  t  estimate  of  the  atomic  weight  of  zirconium 
was  based  upon  analyses  of  the  chloride,  concerning  which 
he  gives  no  details  or  weighings.  From  sublimed  zirconium 
chloride  he  finds  Zr  =  831.8,  when  0  =  100 ;  and  from  two 
lots  of  the  basic  chloride  2ZrOClj.9H,0,  Zr  =  835.65 and 
851.40  respectively.  The  mean  of  all  three  is  839.62; 
whence,  with  modern  formulse  and  0  =  15.9633,  Zr  becomes 
=  89.354. 

Marignac's  results!  were  obtained  by  analyzing  the  double 
fluoride  of  zirconium  and  potassium.  His  weights  are  as 
follows : 

1. 000  grm.  gave  .431  gnu.  ZrO,  and  .613  gnn.  K^SO^. 
2.000    *'    .864      ♦*     1.232 
.654    "    .282      "      .399 
5.000    "    2.169      "     3-078 


(4 


These  figures  give  us  three  ratios.    A,  the  ZrO,  from  100 

*  Poggend.  Annal.,  4,  126.     1825. 

f  Journ.  filr  Prakt.  Chem.,  31,  77.     Berz.  Jahresb.,  25,  147. 

J  Ann.  Chim.  Phys.,  (3,)  60,  270.     i860. 
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parts  of  salt;  B,  the  K2SO4  from  100  parts  of  salt;  and  C, 
trie  ZrO,  proportional  to  100  parts  of  KjSO^ : 

A.  B.  C. 

43.100  61.300  70.310 

43.200  61.600  70.130         ' 

43.119  61.000  70.677 

43.380  61.560  70.468 

Mean,  43-200,  db  .043         61.365,  ±  .094         70396,  d=  .079 

From  A Zr  =  89.775,  db  .216 

B —  "  ==-  91.408,  rb  .437 

C **  =  90.476,  zt  .138 


It 

4( 


General  mean "  =  90.328,  ±  .113 

Or,  if  O  =  16,  Zr  =  90.536. 

Combining  with  Berzelius'  work  we  get  this  result : 

Berzelius Zr  =  89.255,  db  .039 

Marignac "  =  90.328,  d=  .113 

General  mean _._  "  =  89.367,  d=  .037 

Or,  if  0  =  16,  Zr  =  89.573. 

These  figures  need  little  criticism.  They  show  conclu- 
sively that  the  atomic  weight  of  zirconium  ought  to  be 
redetermined.  Probably  the  method  employed  by  Berze- 
lius was  the  best  with  respect  to  manipulation,  while  on 
the  other  hand  it  is  likely  that  Marignac  worked  with 
purer  material.  Hermann's  experiments  could  hardly  have 
yielded  certain  results,  since  the  zirconium  chloride  might 
so  easily  become  contaminated  with  traces  of  moisture  and 
thence  of  oxygen. 
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THORIUM. 

The  atomic  weight  of  thorium  has  been  determined  fix>ni 
analyses  of  the  sulphate,  oxalate,  formate,  and  acetate,  witli 
widely  varying  results.    The  earliest  figures  are  due  to  Ber- 
zelius,*  who  worked  with  the  sulphate,  and  with  the  double 
sulphate  of  potassium  and  thorium.    The  thoria  was  pre- 
cipitated by  ammonia,  and  the  sulphuric  acid  was  estimated 
as  BaS04.    The  sulphate  gave  the  following  ratios  in  two 
experiments.    The  third  column  represents  the  weight  d 
ThO,  proportional  to  100  parts  of  BaS04  • 

.6754  grm.  ThO,  =  1.159  grm.  BaSO^.  Ratio,  58.274 

1.0515  "  1.832  "  "      57.396 

The  double  potassium  sulphate  gave  .265  grm.  ThO„  .156 
grm.  SOs,  and  .3435  K^SO^.  The  SO,,  with  the  Berzelian 
atomic  weights,  represents  .4537  grm.  BaSO^.  Hence  100 
BaS04  is  equivalent  to  58.408  ThO,.  This  figure,  combined 
with  the  two  previous  values  for  the  same  ratio,  give  a  mean 
of  58.026,  ±  .214.    Hence  ThO,  =  269.940,  dz  .997. 

From  the  ratio  between  the  K2SO4  and  the  ThO,  in  the 
double  sulphate,  ThO,  =  268.284. 

In  1861  new  determinations  were  published  by  Chyde- 
nius,t  whose  memoir  is  accessible  to  me  only  in  an  abstract! 
which  gives  results  without  details.  Thoria  is  regarded  a^ 
a  monoxide,  ThO,  and  the  old  equivalents  (0  =  8)  are  used. 
The  following  values  are  assigned  for  the  molecular  weight 
of  ThO,  as  found  from  analyses  of  several  salts : 

From  Sulphate.       From  K,  Th.  Sulphate, 
66.33  67.02 

67- 13 

6775 
68.03 

Mean,  67.252,  d=  .201 

*  Poggend.  Annal.,  16,  398.     1829.     Lchrbuch,  3,  1224. 
f  Kemisk  undersOkning  af  Thorjord  och  Thorsalter.     HelsingfofS,  1861.   Aa 
academic  dissertation. 

1  Poggend.  Annal.,  119,  55.     1863. 


i 
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Fram  Acttate,  From  Formate.  From  Oxalate, 

67.31  68.06  65.871  Two  results 

66.59  67.89  65.95  /    by  Berlin. 

67.27  68.94  65.75 

67.06  65.13 

-  68.40  Mean,  68.297,  db  .219  66.54 

65.85 

Mean,  67.326,  ±  .201  

Mean,  65.85,  d=  .123 

We  may  fairly  assume  that  these  figures  were  calculated 
with  0  =  8,  C  =  6,  and  S  =  16.  Correcting  by  the  values 
for  these  elements  which  have  been  found  in  previous  chap- 
ters, ThO ,  becomes  as  follows : 

From  sulphate ThO,  =  268.584,  =b  .803 

acetate "     =268.735,^.805 

formate "     =272.586,^.877 

"     oxalate "     =262.804,^.493 

The  single  result  from  the  double  potassium  sulphate  is 
included  with  the  column  from  the  ordinary  sulphate,  and 
the  influence  of  the  atomic  weight  of  potassium  is  ignored. 

Chydenius  was  soon  followed  by  Marc  Delafontaine,  whose 
researches  appeared  in  1863.*  This  chemist  especially  stud- 
ied thorium  sulphate;  partly  in  its  most  hydrous  form,  partly 
as  thrown  down  by  boiling.  In  Th(S04)  2  -^H ,  0,  the  follow- 
ing percentages  of  ThO ,  were  found : 

45.08 
44.90 
45.06 

45-21 
45-o6 

Mean,  45.062,  db  .0332 

Hence  ThO^  =  263.637,  ib  .256. 

The  lower  hydrate,  2Th(S04)2.9H20,  was  more  thoroujghly 
investigated.  The  thoria  was  estimated  in  two  ways ;  first, 
(A,)  by  precipitation  as  oxalate  and  subsequent  ignition ; 
second,  (B,)  by  direct  calcination.  These  percentages  of 
ThO  J  were  found: 

*  Arch,  des  Sci.  Phys.  et  Nat.,  (2,)  18,  343. 
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A. 


B. 


52.83 
52.52 

52.72 

52.13 

52.47 

52.49 

52.53 

52.13 

52.13 

52.43 
52.60 

52.40 

52.96 

52.82 

Mean,  52.511,  db  .04? 

Hence  ThO,  =  266.025,  ±  .363. 

In  three  experiments  with  this  lower  hydrate  the  sul- 
phuric acid  was  also  estimated,  being  thrown  down  as 
barium  sulphate  after  removal  of  the  thoria : 


1.2425  grm.  gave  .400  SO,. 
1. 138     "    .366 
.734     "    .2306 


« 


« 


(1. 1656  gnn.  BaSO«.) 
(1.0665  "  ) 
(  .6720     "    ) 


The  figures  in  parenthesis  are  reproduced  by  myself  from 
Delafontaine's  results,  he  having  calculated  his  analyses  with 
0  =  100,  S  =  200,  and  Ba  =  857.  These  data  may  be  re- 
duced to  a  common  standard,  so  as  to  represent  the  quantity 
of  2Th(SOJ,.9H20  equivalent  to  100  parts  of  BaSO^.  Wa 
then  have  the  following  results : 

106.597 
106.704 
109.226 


Mean,  107.509,  ±  .585 

Hence  ThO,  =  259.555,  ±  2.725. 

Delafontaine  seems  himself  to  have  calculated  from  the 
ratio  between  the  percentages  of  SO  3  and  ThOj  ;  whence, 
with  our  revised  values  for  S,  Ba,  and  0,  ThO,  =  262.643. 

Delafontaine's  work  was  soon  confirmed  by  HefnumUt* 


*  Journ.  fUr  Prakt.  Chem.,  93,  114. 
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0rho  published  a  single  analysis  of  the  lower  hydrated  sul- 
phate, as  follows : 

ThO, —  52.87 

so, 32.11 

H,0 15.02 

100.00 

Hence,  from  the  ratio  between  SOj  and  ThO,,  ThO,  = 
263.030.  Probably  the  SO,  percentage  was  loss  upon  calci- 
nation. 

The  latest,  and  probably  also  the  best  determinations,  are 
those  of  Cleve,*  whose  results,  obtained  from  both  the  sul- 
phate and  the  oxalate  of  thorium,  agree  admirably.  The 
anhydrous  sulphate,  calcined,  gave  the  subjoined  percent- 
ages of  thoria : 

62.442 

62.477 
62.430 
62.470 

62.357 
62.366 


Mean,  62.423,  d:  .014 

Hence  ThO,  =  265.380,  ±  .123. 

The  oxalate  was  subjected  to  a  combustion  analysis, 
whereby  both  thoria  and  carbonic  acid  could  be  estimated. 
From  the  direct  percentages  of  these  constituents  no  accu- 
rate value  can  be  deduced,  there  having  undoubtedly  been 
moisture  in  the  material  studied.  From  the  ratio  between 
CO,  and  ThO,,  however,  good  results  are  attainable.  This 
ratio  I  put  in  a  fourth  column,  making  the  thoria  propor- 
tional to  100  parts  of  carbon  dioxide : 


Oxalate, 

ThO^. 

co^. 

Ratio. 

1. 7135  grm. 
1.3800    " 
1. 1850    *' 
1.0755     " 

1. 0189  grm. 
.8210    " 

.7030    " 
.6398    " 

.6736  grm. 

.5433    " 
.4650    " 

.4240    " 

151.262 
151. 114 
151. 183 
150.896 

Hence  ThO, 

=  265.357, 

=t 

Mean, 

.104. 

151. 114,  rh  .053 

*  K.  Svenska  Vet  Akad.  Handlinger.     Bd.  2,  No.  6.     1874. 
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There  are  now  before  us  twelve  estimates  for  the  moleculaH^ 
weight  of  tboria.  Two  of  these  represent  single  expe: 
mentSy  and  have  no  probable  error  attached  to  them ;  name! 
the  one  due  to  Hermann,  and  the  one  deduced  from  Berz^  ^ 
lius'  KaSO^  :  ThO,  ratio.  A  third  value,  from  Delafo::^^ 
taine's  sulphuric  acid  estimations,  has  so  high  a  probata  1 
error  that  it  could  be  rejected  without  influencing  the  ge: 
ral  mean.  These  three  values  might  all  be  excluded  wi 
out  serious  objection ;  but  it  is  perhaps  better  to  arbitrar^I 
assign  them  equal  weight,  average  them  together,  and 
their  mean  the  same  probable  error  as  that  which  attack 
to  Berzelius'  BaSO^ :  ThO,  series.  This  mean  is  indicated 
as  "A"  in  the  following  combination : 

Value  "A".— ThO,  =  263.623,  dr  .997 

Benelius "  =  269.940,  dr  .997 

Chydenius— Sulphate - "  =  268. 5S4,  db  .803 

Acetate "  =  268.735,  =fc  -805 

Formate "  =  272.586,  db  .877 

Oxalate —  "  =  262.804,  db  .493 

Delafontaine — Higher  hydrate **  =  263.637,  d=  .256 

"             Lower       "      *«  =266.025,^.363 

Cleve— Sulphate "  =  265.380,  ±  .123 

"         Oxalate _—  "  =  265.357,  d:  .104 

■ 

General  mean **      =  265.341,  dz  .072 

Hence  Th  =  233.414,  ±  .0725 ;  or,  if  O  =  16,  Th  = 
233.951. 

These  values  vary  from  those  derived  from  Cleve's  experi- 
ments alone  only  in  the  second  decimal. 


« 
« 


• 


GALLIUM. 


Gallium  has  been  so  recently  discovered,  and  obtained  in 
such  small  quantities,  that  its  atomic  weight  has  not  as  jci 
been  determined  with  much  precision.  The  following  dlti 
were  fixed  by  the  discoverer,  Lecoq  de  Boisbaudran;* 


*  Joum.  Chem.  Soc,  1878,  p.  646. 


3.1044  grammes  gallium  ammonium  alum,  upou  ignition, 
left  .5885  grm.Ga,0,. 
Honce  Ga  =  68.071.     If  0  =  16,  Ga  =  68.233. 

.4481  grammes  gallium,  converted  into  nitrate  and  ig- 
nited, gave  .6024  grm.  Ga^Oj. 
Hence  Ga  =  69.538.     If  0  =  16,  Ga  =  69.693. 

These  values,  assigned  equal  weight,  give  these  means: 
If  0  =  15.9633,  Ga  =  68.854.     If  O  =  16,  Ga  =  68.963. 

In  brief,  for  all  practical  purposes,  69  may  be  assumed  as 
the  atomic  weight  of  gallium. 


INDIUM. 


Reich  and  Richter,  the  discoverers  of  indium,  were  also 
the  first  to  determine  its  atomic  weight.*  They  dissolved 
weighed  quantities  of  the  metal  in  nitric  acid,  precipitated 
tho  solution  with  ammonia,  ignited  the  precipitate,  and 
ascertained  its  weight.  Two  experiments  were  made,  as 
follows; 

.51J5  gim.  indium  gave  .6343  gnn,  lii,0,, 
.699  ■■  .8SIS 

Hence,  in  mean,  In  =  110.61,  if  0  =^  16;  a  value  known 
now  to  be  too  low. 

An  unweighed  quantity  of  fresh,  moist  indium  sulphide 
was  also  dissolved  in  nitric  acid,  yielding,  on  precipitation, 

.210;  grm.  In,0,  and  .542  grm,  BaSO,. 

Hence,  with  BaSO,  =  233,  In  =  111.544;  also  loo  low. 

Soon  after  the  publication  of  Reich  and  Richter's  paper 
ihe  subject  was  taken  up  by  Winkler.t  He  dissolved  in- 
dium in  nitric  acid,  evaporated  to  drj-ness,  ignited  the  resi- 
due, and  weighed  the  oxide  thus  obtained. 

*  Jouni.  flir  Prakt.  Chem.,  92,  484. 
t  joum.  ntr  PialtL  Chem.,  94,  S. 
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•  5574  gnn.  In  gave  .6817  grm.  In^O,. 
.6661     "     .8144    " 
.5011     **     .6126    " 

Hence,  in  mean,  if  0  =  16,  In  =  107.76 ;  a  result  even 
lower  than  the  values  already  cited. 

In  a  later  paper  by  Winkler*  better  results  were  obtained. 
Two  methods  were  employed.  First,  metallic  indium  was 
placed  in  a  solution  of  pure,  neutral,  sodio-auric  chloride, 
and  the  amount  of  gold  precipitated  was  weighed.  I  give 
the  weighings  and,  in  a  third  column,  the  amount  of  in- 
dium proportional  to  100  parts  of  gold : 

In,  Au,  Ratio, 

.4471  grm.  .8205  grm.  57'782 

.8445     "  »-4596    "  57.858 

Mean,  57.820,  db  .026 

Hence,  if  Au  =  196.155,  ±:  .095,  In  =  113.417,  ±  .074. 

Winkler  also  repeated  his  earlier  process,  converting  in- 
dium into  oxide  by  solution  in  nitric  acid  and  ignition  of 
the  residue.  An  additional  experiment,  the  third  a^  given 
below,  was  made  after  the  method  of  Reich  and  Richter. 
The  third  column  gives  the  percentage  of  In  in  In^Oa : 

1. 124  gnn.  In  gave  1.3616  grm.  In,0,.       Percent,  82.550 

1.015     "     1. 2291     "  "   ,  82.581 

.6376    ♦'      .7725    "  "    82.537 

These  figures  were  confirmed  by  a  single  experiment  of 
Bunsen's,t  published  simultaneously  with  the  specific  heat 
determinations  which  showed  that  the  oxide  of  indium  was 
luaOj,  and  not  InO  as  had  been  previously  supposed  : 

1.0592  grm.  In  gave  1.2825  C"^-  ^^fiz-        Percent.  In,  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler's 
series,  which  gives  us  a  mean  percentage  of  In  in  lUaOg  of 
82.564,  dz  .0082.  Hence,  if  0  =  15.9633,  ±  .0035,  In  = 
113.385,  d=  .060. 

*  Journ.  filr  Prakt.  Chem.,  102,  282. 
t  Poggend.  Anna!.,  141,  28. 


CBRIUM.  221 

Combining  results,  we  have  the  following  general  mean : 

From  gold  series In  =  1 13.417,  ±  .074 

"      oxide  "     "  =113.385,^.060 


General  mean "  =  113.398,  dr  .047 

Or,  if  0  =  16,  In  =  113.659. 


CERIUM. 

Although  cerium  was  discovered  almost  at  the  beginning 
of^  the  present  century,  its  atomic  weight  was  not  properly 
determined  until  after  the  discovery  of  lanthanum  and 
didymium  by  Mosander.  In  1842  the  investigation  was 
undertaken  by  Beringer,*  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  there- 
fore were  not  wholly  free  from  didymium ;  and  his  results 
are  further  aflfected  by  a  negligence  on  his  part  to  fully 
describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared 
by  dissolving  the  carbonate  in  hydrochloric  acid.  This 
gave  weights  of  ceroso-ceric  oxide  and  silver  chloride  as 
follows.  The  third  column  shows  the  amount  of  CeO,  pro- 
portional to  100  parts  of  AgCl : 

CeO^.  AgCI.  Ratio. 


•5755  «»"»• 

1.419  grm. 

40.557 

.6715  " 

1.6595  " 

40.464 

1. 1300  *• 

2.786  " 

40.560 

.5366  " 

1. 3316  " 

40.297 

Mean,  40.469,  d:  .0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as 
follows.  In  a  fourth  column  I  show  the  amount  of  CeO, 
proportional  to  100  parts  of  BaSO^ : 

*  Ann.  Chem.  Pharm.,  42,  134. 
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Sulphate,  CeO^  BaSO^,  Ratio, 

1-379  grm.  .8495  ff™-  '7"  gnn-  49-649 

1.276    "  .7875    "  1.580  "  49.836 

1.246    "  .7690    "  1.543  "  49.838 

1.553    *•  .9595    "  I.921  "  49.94S 

Mean,  49.819,  ±  .042 

Beringer  also  gives  a  single  analysis  of  the  formate  and 
the  results  of  one  conversion  of  the  sulphide  into  oxide. 
The  figures  are,  however,  not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringert 
paper.  Where  T  put  CeO,  as  found  he  puts  Ce,Oj.  The 
latter  is  plainly  inadmissible,  although  the  atomic  weights 
calculated  from  it  agree  curiously  well  with  some  other 
determinations.  For  instance,  in  the  chloride  series,  tte 
assumption  of  CcjOa  as  the  formula  of  the  oxide  obtained, 
gives  Ce  =  137.749,  while  CeO,  makes  Ce  =  141.636.  The 
former  agrees  with  the  results  of  Wolf,  Wing,  and  othen 
quite  fairly ;  the  latter  is  near  the  value  obtained  by  Biihrig. 
Obviously,  the  presence  of  didymium  in  the  salts  analyzed 
should  tend  to  raise  rather  than  to  lower  the  apparent  atomic 
weight  of  cerium. 

Shortly  after  Beringer,  Hermann  *  published  the  results 
of  one  experiment.  23.532  grm.  of  anhydrous  cerium  sul- 
phate gave  29.160  grm.  of  BaSO^.  Hence  100  parts  of  the 
sulphate  correspond  to  123.926  of  BaS04. 

In  1848  similar  figures  were  published  by  Marignac,t 
who  found  the  following  amounts  of  BaS04  proportional  to 
100  of  dry  cerium  sulphate  : 

122.68 
I22.00 
122.51 

Mean,  122.40,  ±.  .138 

If  we  give  Hermann's  single  result  the  weight  of  one  ex- 
periment in  this  series,  and  combine,  we  get  a  mean  value 
of  123.019,  ±  .113. 

*  Journ.  fiir  Prakt.  Chem.,  30,  185.     1843. 

t  Arch,  des  Sciences  Phys.  ct  Nat.,  (I,)  8,  273.     1S48. 
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Still  another  method  was  employed  by  Marignac.  A  defi- 
nite mixture  was  made  of  solutions  of  cerium  sulphate  and 
barium  chloride.  To  this  were  added,  volumetrically,  solu- 
tions of  each  salt  successively,  until  equilibrium  was  at- 
tained. The  figures  published  give  maxima-  and  minima 
for  the  BaCl,  proportiooal  to  each  lot  of  Ce,(SO,)a.  In 
another  column,  using  the  mean  value  for  BuCl,  in  each 
case,  I  pal  the  ratio  between  100  parts  of  this  salt  and  the 
equivalent  quantity  of  sulphate.  The  latter  compound  was 
several  times  recrystallized : 


C,,{SO,}y 

Saa,. 

Kalio. 

11,990—  12.050  gna. 

9>.6o6 

'■ 

-  13194  ■■ 

14.365  —  14.415     " 

91.657 

Second 

..  13.961  ■■ 

i5"5  -  'S-aSs    ■' 

91.518 

■' 

,,   .1.627     " 

13761  —  "3-821     " 

91.559 

■' 

..   11.91S     ■■ 

12.970—13-030    '■ 

91.654 

Third 

..  .4.888     ■• 

16.213  —  16.383    " 

91.603 

" 

-.  U.nj    ■■ 

■5-383-  15  4*3     ■■ 

91-755 

Fourth 

_.  tj.iii    ■■ 

14-270— '4.330    " 

91.685 

•' 

..  13.970    ■• 

15. M3  —  15.183    ■■ 

91.588 

Meui,  91.635,  ±  .016 

Omitting  the  valueless  experiments  of  Kjerulf,*  we  come 
next  to  the  figures  published  by  Bunsen  and  Jegelf  in  1858. 
From  the  air  dried  sulphate  of  cerium  the  metal  was  pre- 
cipitated as  oxalate,  which,  ignited,  gave  CeO,.  In  the 
filtrate  from  the  oxalate  the  sulphuric  acid  was  estimated  as 
BeSO,: 

1.5726  gnn.  sulphate  gBve  .7899  gnn.  CeO,  and  1.6185  grm-  BaSO^. 
1.6967  '■  .8504  "  1-7500  '■ 

Uence,  for  100  parts  BaSO.,  the  CcU,  is  us  follows: 

48.S04 

48.575 

Mean,  48.689.  ±   077 

One  experiment  was  also  made  upon  the  oxalate  : 

.3530  gtm.  oxalate  gave  .1913  CeO,  and  .0506  H,0. 

Hence,  in  the  dry  salt,  we  have  63.261  per  cent,  of  CeO,. 

*  Ann.  Chcm.  Phami..  87,  13- 
f  Ann.  Cbem.  Pkarm. ,  105,  45. 
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In  each  sample  of  CeO,  the  excess  of  oxygen  over  true 
CojOs  was  estimated  by  an  iodometric  titration;  but  the 
data  thus  obtained  need  not  be  further  considered. 

In  two  papers  by  Rammelsberg  *  data  are  given  for  the 
atomic  weight  of  cerium,  as  follows.  In  the  earlier  paper 
cerium  sulphate  is  analyzed,  the  cerium  being  thrown  down 
by  caustic  potash,  and  the  acid  precipitated  from  the  filtrate 
as  barium  sulphate : 

.413  grm.  €6,(804)3  gave  .244  gnn.  CeO,  and  .513  grm  BaSOf. 

Hence  100  BaSO^  =  47.563  CeOj,  a  value  which  maybe 
combined  with  others,  thus ;  this  figure  being  assigned  a 
weight  equal  to  one  experiment  in  Bunsen's  series  : 

Beringer 49>8i9,  d=  .042 

Bunsen  and  Jegel 48.689,  db  .077 

Rammelsberg 47'S^3t  dz  -^oS 

General  mean ^  49.360,  :+:  .035 

It  should  be  noted  here  that  this  mean  is  somewhat  arbi- 
trary, since  Bunsen  and  Rammelsberg's  cerium  salts  were 
undoubtedly  freer  from  didymium  than  the  material  studied 
by  Beringer. 

In  his  later  paper  Rammelsberg  gives  these  figures  con- 
cerning cerium  oxalate.  100  parts  gave  10.43  of  carbon 
and  21.73  of  water.  Hence  the  dry  salt  should  yield  48.8S2 
per  cent,  of  COj,  whence  Ce  =  137.83. 

In  all  of  the  foregoing  experiments  the  ceroso-ceric  oxide 
was  somewhat  colored,  the  tint  ranging  from  one  shade  to 
another  of  light  brown  according  to  the  amount  of  didyn^ 
ium  present.  Still,  at  the  best,  a  faint  color  remained,  which 
was  supposed  to  be  characteristic  of  the  oxide  itself.  ^ 
1868,  however,  some  experiments  of  Dr.  C.  Wolff  wereport- 
humously  made  public,  which  went  to  show  that  pure  cero**" 
eerie  oxide  is  white,  and  that  all  samples  previously  studied 
were  contaminated  with  some  other  earth,  not  neoesBArilf 
didymium  but  possibly  a  new  substance,  the  removal  » 

*  Poggend.  Annal.,  55,  65  ;   108,  44. 

f  Amcr.  Journ.  Science  and  Arts,  (a,)  46,  53. 
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which  tended  to  lower  the  apparent   atomic   weight  of 
cerium  very  perceptibly. 

Cerium  sulphate  was  recrystallized  at  least  ten  times. 
Even  after  twenty  recrystallizations  it  still  showed  spectro- 
scopic traces  of  didymium.  The  water  contained  in  eac]& 
sample  of  the  salt  was  cautiously  estimated,  and  the  cerium 
was  thrown  down  by  boiling  concentrated  solutions  of  ox- 
alic acid.  The  resulting  oxalate  was  ignited  with  great 
care.  I  deduce  from  the  weighings  the  percentage  of  CeOj 
given  by  the  anhydrous  sulphate: 

Sulphate.  Water,  CeO^,         Per  cent.  CeO^, 

1.4542  grm.  .19419  grm-  76305  gnn.  60.559 

I.4104    "  .1898      "  .7377       "  60.437 

1.35027  "  .1820      '*  .70665     "  60.487 


Mean,  60.494,  d:  .024 

After  the  foregoing  experiments  the  sulphate  was  further 
purified  by  solution  in  nitric  acid  and  pouring  into  a  large 
quantity  of  boiling  water.  The  precipitate  was  converted 
into  sulphate  and  analyzed  as  before : 

Sulphate.  Water.  CeO^.         Per  cent.  CeOy 

1.4327  gnn.  .2733  grm.  .69925   gnn.         60.311 

1.5056    "  .2775     "  -7405        "  60.296 

1.44045  "  .2710    "  .7052        "  60.300 


Mean,  60.302,  db  -004 

From  another  purification  the  following  weights  were  ob- 
tained: 

1.4684  gnn.    .1880  gnn.    .7717  gnn-    60.270  percent. 

A  last  purification  gave  a  still  lower  percentage : 

1.3756  gnn.        .1832  gnn.        .7186  gnn.        60.265  percent. 

The  last  oxide  was  perfectly  white,  and  was  spectroscopi- 
eally  free  from  didymium.  In  each  case  the  CeO,  was  ti- 
trated iodometrically  for  its  excess  of  oxygen.  It  will  be 
noticed  that  in  the  successive  series  of  determinations  the 
percentage  of  CeO,  steadily  and  strikingly  diminishes,  to 
an  extent  for  which  no  ordinary  impurity  of  didymium  can 
15 
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account.  The  death  of  Dr.  Wolf  interrupted  the  iuvestiga- 
tion,  the  results  of  which  were  edited  and  published  by  fto- 
fessor  F.  A.  Genth. 

.  The  experiments  of  Wolf  seem  to  have  hitherto  escaped 
general  notice,  except  from  Wing,  who  has  partially  verified 
them.*  This  chemist,  incidentally  to  other  researches,  puri- 
fied some  eerium  sulphate  after  the  method  of  Wolf,  and 
made  two  similar  analyses  of  it,  as  follows : 

SulphaU.  Water,  CeO^,         Per  cent,  CeO^, 

1.2885  grm.  -1707  gnxi.  >6732  grm.         60.225 

1.4090    *«  .1857     •«  .7372    "  60.263 

Mean,  60.244,  db  .012 

The  ceroso-ceric  oxide  in  this  case  was  perfectly  white 
The  cerium  oxalate  which  yielded  it  was  precipitated  boil- 
ing by  a  boiling  concentrated  solution  of  oxalic  acid.  The 
precipitate  stood  twenty-four  hours  before  filtering. 

We  may  now  combine  the  results  of  Wolf  and  of  Wlng» 
as  follows.     The  two  concordant  experiments  of  Wolf  8 
series  three  and  four  may  be  united,  giving  a  mean  of 
60.267,  ±  .001 : 

Wolf,  1st  series-.-, 60.494,  ±  .024 

2d      "     60.302,  ifi  .004 

3(1  and  4th  series 60.267,  zt  .001 

Wing 60.244,  db  .012 

General  mean 6o.27h,  d=  .001 

This  mean,  the  percentage  of  CeO,  in  the  anhydrous  sul- 
phate, gives  Cc  =  137.724;  or,  if  0  =  16,  Ce  =  138.039. 
This  varies  widely  from  the  ordinarily  accepted  value  « 
determined  by  Buehrig. 

In  1875  Buehrig'st  paper  upon  the  atomic  weight  of 
cerium  was  issued.  He  first  studied  the  sulphate,  which, 
after  eight  crystallizations,  still  retained  traces  of  free  sul- 
phuric acid.  He  found  furthermore  that  the  salt  obstinately 
retained  traces  of  water,  which  could  not  be  wholly  expelled 
by   heat  without   partial   deconij)osition   of  the  material 

*  Amer.  Journ.  Sci.  and  Arts,  (2,)  49,  358.     1870. 
f  Journ.  fiir  Prakt.  Chcin.,  120,  222. 
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These  sources  of  error  probably  affect  all  the  previously 
cited  series  of  experiments ;  although,  in  the  case  of  Wolf's 
work,  it  is  doubtful  whether  they  could  have  influenced  the 
atomic  weight  of  cerium  by  more  than  one  or  two  tenths  of 
a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  precipitation  of  cerium  sulphate  with  barium 
chloride  the  barium  sulphate  invariably  carried  down  traces 
of  cerium.  Furthermore,  the  ceroso-ceric  oxide  from  the 
filtrate  always  contained  barium.  For  these  reasons  the 
sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  Buehrig  were  made  with  air-dried  oxalate.  This 
salt  was  placed  in  a  series  of  platinum  boats  in  a  combus- 
tion tube  behind  copper  oxide.  It  was  then  burned  in  a 
stream  of  pure,  dry  oxygen,  and  the  carbonic  acid  and 
water  were  collected  after  the  usual  method.  Ten  experi- 
ments were  made ;  in  all  of  them  the  above  named  products 
were  estimated,  and  in  five  analyses  the  resulting  ceroso- 
ceric  oxide  was  also  weighed.  By  deducting  the  water 
found  from  the  weight  of  the  air-dried  oxalate,  the  weight 
of  the  anhydrous  oxalate  is  obtained,  .and  the  percentages 
of  its  constituents  are  easily  determined.  In  weighing,  the 
articles  weighed  were  always  counterpoised  with  similar 
materials.    The  following  weights  were  found : 

Oxalate,                 Water,                      CO^.                     CeOy 
9.8541  gnn.         2.1987  gnn.         3-6942  grm.         


« 


9.5368  "  2.1269  "  3-5752 

9.2956  "  2.0735  "  3.4845 

10.0495  "  2.2364  "  3-7704 

10.8249  "  2.4145  *'  4.0586 

9.3^79  "  2.0907  •*  3-5"8  "     4-6150  gnn. 

9.7646  "  2.1769  «*  3.6616  "     4-S133 

9.9026  "  2.2073  "  3-7'39  "     4.8824 

9.9376  "  2.2170  *»  3-7251  "     4.8971 

9.5324  ••  2.1267  "  3-5735  "     4.6974 


<« 

« 
« 


These  figures  give  us  the  following  percentages  for  CO, 
md  CeO,  in  the  anhydrous  oxalate: 

CO^,  CeO^. 

48.256  

48.249  

48.248  
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CeOy  CO^. 

48.257  

48.257  

48.258  63.417 
48.257  63.436 
48.262  63.446 
48.249  63.429 
48.253  63.430 


Mean,  48.2546,  db  .001  63.4316,  d=  .0032 

From  perccnh^e  CO, Ce  =  141. 22S.  d=  .025 

*•  CeO, "  =  141.141,^  .020 

Obviously  the  single  oxalate  experiments  of  Jegel  and  of 
Rammelsberg  would  exert  no  appreciable  influence  upK)n' 
these  mean  results.    They  may  therefore  l?e  ignored. 

In  combining  all  of  these  data  in  one  general  mean,  we 
may  begin  as  usual  by  tabulating  our  ratios : 

(I.)  BaSC\  :  06,(804)5  : :  lOO  :  123.019,  ±  .113 

(2.)  BaSO^  :  CcO,  : :  100  :  49.360,  d=  .035 

(3.)  BaCl,  :  Ce,(S04)j  :  :  lOO  :  91.625,  d=  .016 

(4.)  AgCl  :  CcO,  : ;  100  :  40.469,  ±i  .0415 

(5.)  Percentage  CeO,  from  anhydrous  sulphate.  60.271,  rb  .001 

(6.)  "  *'  "  oxalate,  63.4316,  2=  .0032 

(7.)  "  CO,  ••  -       48.2546,  i  .001 

These  ratios  give  us  four  values  for  the  molecular  weight 
of  CeO,  and  two  values  for  Ce,(S04)3: 

From  (2)._ CeO,  =  172.218.  db  .124 

"      (4)-- -    "     =173-663.  db  .179 

(5)-— - "     =  *69.65i.  di  .034 

(6) "      -~  173.068,  ±  .033 
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General  mean **     =  171.490,  ±z  .023 

From  (I) Ce,(S04),  =  567-234.  i  .522 

"      (3) "        =  570-375.  ^  -165 


General  mean.         "         =  570.093,  ^  .156 

Hence  we  have  three  independent  values  for  the  atomic 
weight  of  cerium,  as  follows : 
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From  molecular  weight  of  CeO, Ce  =r  139.563,  d=  .024 

"  •«  Ce,(S04)j "   =  141. 281,  db  .083 

From  ratio  (7,)  CO,  in  oxalate "    =  141.228,  ±.  .025 


General  mean "   =  140.424,  dt  .017 

Or,  if  0  =  16,  Ce  =  140.747. 

Buehrig's  results  alone,  both  sets  combined,  give  Ce  = 
141.198,  ±  .020;  or,  if  0  =  16,  Ce  =  141.523. 

Wolf  and  Wing's  figures  alone  make  Ce  =  137.724 ;  or,  if 
O  =  16,  Ce  ==  138.039. 

The  latter  result  is  subject  to  the  errors  pointed  out  by 
Buehrig  as  involved  in  the  use  of  cerium  sulphate;  but  the 
ceroso-ceric  oxide  obtained  in  the  analyses  was  pure  white. 
Buehrig's  ceroso-ceric  oxide,  on  the  other  hand,  was  yellow. 
In  neither  case  was  didymium  present.  All  things  consid- 
ered, therefore,  it  is  probable  that  the  lower  result  is  too  low 
and  the  higher  result  too  high.  How  near  the  general 
mean  of  all  may  be  to  the  truth  we  have  no  evidence  to 
show.  It  is  clear  that  new  determinations  are  needed,  made 
with  material  yielding  white  ceroso-ceric  oxide,  and  with 
avoidance  of  the  sources  of  error  which  Buehrig  pointed 
out. 


LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander,  and  the 
valueless  experiments  of  Choubine,  we  may  consider  the 
estimates  of  the  atomic  weight  of  lanthanum  which  are  due 
to  Hermann,  Rammelsberg,  Marignac,  Czudnowicz,  Holz- 
mann,  Zschiesche,  Erk,  and  Cleve. 

From  Rammelsberg*  we  have  but  one  analysis.  .700 
grm.  of  lanthanum  sulphate  gave  .883  grm.  of  barium  sul- 
phate. Hence  100  parts  of  BaSO^  are  equivalent  to  79.276 
ofLa,(SOJ,. 

*  Poggend.  Anna!.,  55,  65. 
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Marignac,*  working  also  with  the  sulphate  of  lanthanum, 
employed  two  methods.  First,  the  salt  in  solution  was 
mixed  with  a  slight  excess  of  barium  chloride.  The  result- 
ing barium  sulphate  was  filtered  off  and  weighed ;  but,  as  it 
contained  some  occluded  lanthanum  compounds,  its  weight 
was  too  high.  In  the  filtrate  the  excess  of  barium  was  esti- 
mated, also  as  sulphate.  This  last  weight  of  sulphate,  de- 
ducted from  the  total  sulphate  which  the  whole  amount  of 
barium  chloride  could  form,  gave  the  sulphate  actually  pro- 
portional to  the  lanthanum  compound.  The  following 
weights  are  given  : 

La^{SO^y  BaCl^.  iit  BaSO^.  2d  BaSO^. 

4.346  grm.  4.758  grm.  5.364  gnn.  .115  gnn. 

4.733    •'  5- 178     "  5-848    "  .147     " 

Hence  we  have  the  following  quantities  of  LajfSO^),  pro- 
portional to  100  parts  of  BaS04.  Column  A  is  deduced 
from  the  first  BaS04  ^^^^  column  B  from  the  second,  after 
the  manner  above  described : 

A.  B. 

81.022  83.281 

80.934  83.662 

Mean,  80.978,  dr  .030  Mean,  S3.471,  ±:  .12S 

From   A La  =  138.776 

B..-_ -.  "    =147.474 

A  agrees  best  with  otlier  determinations,  although,  theo- 
retically, it  is  not  so  good  as  B. 

Marignac*s  second  method,  described  in  the  same  paper 
with  the  foregoing  experiments,  consisted  in  mixing  solu- 
tions of  La2(S04)3  with  solutions  of  BaClj,  titrating  one 
with  the  other  until  equilibrium  was  established.  The 
method  has  already  been  described  under  cerium.  The 
weighings  give  maxima  and  minima  for  BaCI,.  In  another 
column  I  give  La2(S04  )3  proi)ortional  to  100  parts  of  BaCi,p 
mean  weights  being  taken  for  the  latter  : 


'''  Archives  des  Sci   Phys.  ct  Naturellc^,  ^i.)  ii,  29.     1849. 
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La,{SO,\. 

BaOy 

Ratio. 

ir.644  gnn. 

12.765  —  12.825 

gnn. 

91.004 

ia.035    " 

13- >9S  — 13265 

(( 

90.968 

10.690    " 

11.669  —  J 1-749 

« 

91.297 

12.750    " 

13.920  —  14.000 

(< 

9».332 

10.757    " 

11.734  —  11.814 

«« 

91.362 

12.672    " 

13.813  —  13893 

« 

91.475 

9.246    " 

10.080  —  10.160 

<< 

9>.364 

10.292    " 

11.204  —  11.264 

<< 

91.615 

10. 192    " 

II. Ill  —  II. 171 

tt 

91.482 
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Mean,  91.322,  db  .048 

Hence  La  =  140.484. 

Although  not  next  in  chronological  order,  some  still  more 
recent  work  of  Marignac's*  may  properly  be  considered 
here.  The  salt  studied  was  the  sulphate  of  lanthanum,  puri- 
fied by  repeated  crystallizations.  In  two  experiments  the 
salt  was  calcined,  and  the  residual  oxide  weighed ;  in  two 
others  the  lanthanum  was  precipitated  as  oxalate,  and  con- 
verted into  oxide  by  ignition.  The  following  percentages 
are  given  for  La^Os  • 

57.5    I  By  calcination. 

57-50 1  Ppt.  as  oxalate. 
57-55^ 


Mean,  57.S47S*  i=  .o"S 

The  atomic  weight  determinations  of  Holzmannf  were 
made  by  analyses  of  the  sulphate  and  iodate  of  lanthanum, 
and  the  double  nitrate  of  magnesium  and  lanthanum.  In 
the  sulphate  experiments  the  lanthanum  was  first  thrown 
down  as  oxalate,  which,  on  ignition,  yielded  oxide.  The 
Bulphuric  acid  was  precipitated  as  BaSO^  in  the  filtrate. 


.9663  gnn. 
.6226    " 
.8669    " 

.5157  grm. 

.3323     " 
.4626    " 

BaSO^. 

1. 1093  grm. 
.7123     " 
.9869    " 

♦  Ann.  de  Chim.  et  de  Phys.,  (4,)  30,  68.    1873. 
t  Joarn.  iHr  Prakt.  Chem.,  75,  321.     1858. 
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These  results  are  best  used  by  taking  the  ratio  between 

the  BaSO^,  put  at  100,  and  the  LajO,.    The  figures  are 

then  as  follows: 

46.489 
46.652 
46.873 

Mean,  46.671,  in  .075 

In  the  analyses  of  the  iodate  the  lanthanum  was  thrown 
down  as  oxalate,  as  before.  The  iodic  acid  was  also  esti- 
mated volumetrieally,  but  the  figures  are  hardly  available 
for  present  discussion.  The  following  percentages  of  Lsi^O^ 
were  found : 

23-454 

23.419 
23.468 

Mean.  23.447,  =:  .0216 

The  formula  of  this  salt  is  La2(IOs)c.3H,0. 

The  double  nitnue.  La2»N0,^^.3Mg(X0,},.24H,O,  gave 
the  following;  analytical  data : 


.^:;.v. 

M^O, 

Zfl,t>,. 

.1560  ^:rT.. 

.0417  grm. 

.1131   gmi 

50  ;i     ■• 

1:54   ■• 

.C467     •• 

.  1 262     •• 

5  re  J      ■ 

ICV47     •• 

.0^42     •• 

.1197     •• 

,^r5r 



.0297      • 

.0S13     •• 

.0256      • 

.0693     •- 

Thcsi:  wiiighings give  :he  subjoined  percentages?  of  La.Oj : 


\' 


.2j;i 

.141 


r:u>i    .1,1:...  o:  :1.  '::::;i.:::.  iiive  values  for  the  molecalar 

-->::.      1-^.  ,  ^  525  C74.  =  .522 

: -  522  4I0,.  =  .113 


LANTHANUM.  233 

Czudnowicz*  based  his  determination  of  the  atomic 
T?eight  of  lanthanum  upon  one  analysis  of  the  air-dried 
sulphate.    The  salt  contained  22.741  per  cent,  of  water. 

.598  grm.  gave  .272  grm.  La,Oj  and  .586  grm.  BaS04. 

The  LasO,  was  found  by  precipitation  as  oxalate  and  ig- 
nition. The  BaSO^  was  thrown  down  from  the  filtrate. 
Reduced  to  the  standards  already  adopted  these  data  give 
for  the  percentage  of  La^Os  i^  ^he  anhydrous  sulphate  the 
figure  58.068.  79.117  parts  of  the  salt  are  proportional  to 
100  parts  of  BaSO,. 

Hermann  t  studied  both  the  sulphate  and  the  carbonate 
of  lanthanum.  From  the  anhydrous  sulphate,  by  precipi- 
tation as  oxalate  and  ignition,  the  following  percentages  of 

La^Os  were  obtained : 

57.690 
57.663 
57.610 

Mean,  57.654,  ±  .016 

The  carbonate,  dried  at  100°,  gave  the  following  percent- 
ages: 

68.47  La,0,. 
27.67  CO,. 
3.86  H,0. 

Reckoning  from  the  ratio  between  CO,  and  La^Oj  the 
molecular  weight  of  the  latter  becomes  326.896. 

Zschiesche'st  experiments  consist  of  six  analyses  of  lan- 
thanum sulphate,  which  salt  was  dehydrated  at  230°,  and 
Afterwards  calcined.  I  subjoin  his  percentages,  and  in  a 
fourth  column  deduce  from  them  the  percentage  of  La^O, 
in  the  anhydrous  salt : 


22.629 
22.562 
22.730 

SOy 

33.470 
33.306 

33.200 

La^Oy 

43.909 
44.132 
44.070 

La^O^  in  anhydrous  salt, 

56.745 
56.964 

57.034 

*  Joum.  filr  Prakt.  Chem.,  80,  33.     i860, 
t  Joum.  fUr  Prakt.  Chem.,  82,  396.     1861. 
{Joum.  f&r  Prakt  Chem.,  104,  174. 
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II ^O,  SO^,  La^Oy    La^O^in  anhydnms  salt, 

22.570  33-333  44.090  56.947 

22.610  33.160  44.240  57.150 

22.630  33.051  44-3'0  57.277 

Mean.  57.021.  ^  .051 

Erk  *  found  that  .474  grm.  of  La,(S04),,  by  precipitation 
as  oxalate  and  ignition,  gave  .2705  grm.  of  La, Oj,  or  57.0t>S 
per  cent.  .7045  grm.  of  the  sulphate  also  gave  .8815  grm. 
of  BaSO^.  Hence  100  parts  of  BaS04  are  equivalent  to 
79.921  of  La, (SO,),. 

Last  of  all,  and  probably  best  of  all,  we  come  to  the  de- 
terminations of  Cleve.t  Strongly  calcined  LajO,,  spectro- 
scopically  pure,  was  dissolved  in  nitric  acid,  and  then,  by 
evaporation  with  sulphuric  acid,  converted  into  sulphate : 

1. 92 1 5  grm.  La,0,  gave  3.3365  grm.  sulphate.  57.590  per  cent. 

2.0570  ••  3.5705  "  57.611 

1.6980  "  2.9445  "  57.667 

2.0840  "  3.6170  "  57.617 

1.9565  "  33960  "  57.612 

Mean,  57.619,  rt  .00S5 

From  the  last  column,  which  indicates  the  percentage  of 
La^Og  in  La(SO  J3,  we  get,  if  SO3  =  80,  La  =  139.15. 

We  may  now  combine  the  similar  means  into  general 
means,  and  deduce  a  value  for  the  atomic  weight  of  lantha- 
num. For  the  percentage  of  oxide  in  sulphate  wo  have  six 
estimates,  as  follows.  The  single  experiments  of  Gzudnowicz 
and  of  Erk  are  assigned  the  probable  error  and  weight  of  a 
single  experiment  in  Hermann's  series ; 

Czudnowicz 58. 668,    ±.027 

Erk _ _   57.068,    db  .027 

Hermann 57.654,    ±  .016 

Zschiosche ._  57-021,    db  .051 

Marignac 57-5475.  ^  -0115 

Clevc _   57.619,    :*=  .0085 

«  

General  mean 57.620.    d=  .0059 


•i 


^^  Jcnaisches'  Zcitschrift,  6,  306.     1S71. 

t  K.  Svenska  Vet.  Akad.  Hnndlingar,  Bd.  2.  No.  7.     1874. 
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For  the  quantity  of  La, (804)3  proportional  to  100  parts 
of  BaS04,  we  have  five  experiments,  which  may  be  given 
equal  weighs  and  averaged  together : 

Marignac 81.022 

80.934 

Rammelsberg 79.276 

Czudnowicz 79»ii7 

Erk 79-921 

Mean,  80.054,  dir  .270 

In  all,  there  are  seven  ratios  from  which  to  calculate  : 

(i.)  Percentage  of  La,0,  in  La,(SOj3,  57.620,  dt  .0059 

(2.)  BaCl,  :  I^(S04)3  : :  loo  :  91.322,  d=  .048 — Marignac. 

(3.)  BaSOf  :  La,(S04),  : :  100  :  80.054,  dt  .270 

(4.)  BaS04  :  La,0,  : :  lOO  :  46.671,  ±.  .075 — Holzmann. 

(5.)  Percentage  of  La,0,  in  iodate,  23.447,  ±  .0216 — Holzmann. 

(6.)  "  "  magnesian  nitrate,  21.3056,  dr  .058 — Holzmann. 

(7. )  "  "  carbonate,  68.47 — Hermann. 

These  ratios  give  five  values  for  the  molecular  weight  of 
lanthanum  oxide,  and  two  for  that  of  the  sulphate : 

From  (2) La,{S04),  =  $68,488,  4=    .320 

"      (3) "         =  558.624,  dr  1.888 

General  mean,        **        =  568.212,  ifc    .316 

Hence  La  =  140.346,  ±  .160. 

From  (l) La,0,  =  3»S-79>i  ±  -074 


"      (4) 

(S) 

(6) 

(7) - 

General  mean 


<« 

u 


=  325.674,  d=  .522 
--=322.419,  i  .113 

=  324.355.  ±  -923 

=  325.896,  db  .488 


=  324.810,  dr  .061 

Here  the  value  derived  from  ratio  (7)  is  given  the  weight 
of  a  single  experiment  in  ratio  (1.)  Hence  La  =  138.460, 
zti  .031. 

Combining  the  two  values  for  La,  we  get  this  final  result : 

From  La,0, La  =  138.460,  d=  .031 

"      La,(S04), "    =  140.346,  dr  .160 

General  mean "   =r  138.526,  d:  .030 

Or,  if  0  =  16,  La  =  138.844. 
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Since  this  value  is  a  little  under  and  Cleve's  a  little  over 
139y  the  latter  figure  may  fairly  be  used  in  all  calculations 
involving  a  knowledge  of  the  atomic  weight  of  lanthanum. 


DIDYMIUM. 


The  atomic  weight  of  didymium  has  been  determined  by 
Marignac,  Hermann,  Zschiesehe,  Erk,  and  Cleve.  Mosan- 
dor's  early  experiments  we  may  leave  out  of  account. 

Marignac*  mixed  a  solution  of  the  sulphate  with  a  slight 
excess  of  barium  chloride,  filtered,  weighed  the  precipitate, 
and  estimated  the  excess  of  barium  in  the  filtrate  bv  the 
ordinary  method.  The  first  precipitate  always  contained 
didymium,  and  therefore  weighed  too  much.  By  deducting 
the  weight  of  the  second  precipitate,  representing  the  excels 
of  the  barium  chloride,  from  the  weight  of  barium  sulphate 
theoretically  formable,  the  weight  of  the  latter  proportional 
to  the  quantity  of  didymium  salt  taken  was  found  : 


Di\(SO^)y 

BaL\ 

/J/  BaSO^, 

^d  BaSO^. 

3.633  grm. 

3.902  grm. 

4.412  grm. 

.084  grm. 

3.862    " 

4.227     •• 

4.679     - 

.075     •• 

3.330    - 

3.552     •* 

4.027     " 

.088     " 

1.386    " 

1.477     •' 

1. 681     " 

.014     " 

These  figures  give  us  a  ratio  between  the  sulphates  of 
didymium  and  barium  which  we  may  express  as  follows. 
Column  A  gives  the  Di,(S04)a  proportional  to  100  parts  of 
BaSO^,  as  calculated  from  the  first  precipitate  of  the  latter. 
Column  B  gives  a  similar  ratio  calculated  with  the  second 
BaSO^  precipitate,  this  being  deduced  from  the  total  BaSO^ 
which  the  chloride  used  could  form : 


A. 

H. 

82.344 

84.685 

82.539 

82.626 

82.692 

S5-545 

82.451 

84.425 

82.247— Erk. 

Mean, 

.  84.320.  ±  .414 

Mean,  82.455,  ±z  .052 

i 


-^  Arch,  des  Sci.  Phys.  et  Naturelles,  ( i,)  11,  29.     1840. 
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To  A  I  have  added  a  single  result  of  Erk's,  to  be  described 
further  along.  It  will  be  seen  that  although  A  is  theoreti- 
<»dly  defective,  its  figures  are  much  more  concordant  than 
those  in  B.  In  fact,  the  latter  would  almost  vanish  for  the 
final  general  mean  for  the  atomic  weight  of  didymium : 

From  A Di  =  143.929 

"      B.- ♦♦   =150.436 

In  a  later  paper'*'  Marignac  adopts  two  other  methods  for 
establishing  the  atomic  weight  of  didymium.  The  carefully 
dehydrated  sulphate  was  taken,  the  didymium  was  precipi- 
tated as  oxalate,  and  the  latter,  ignited,  yielded  oxide.  The 
following  percentages  of  oxide  were  found : 

58.22 
58.24 
58.29 

58.31 
58.29 


Mean,  58.27,  di  .0115 

The  chloride  of  didymium  was  also  studied.  As  the  anhy- 
•drous  salt  could  not  be  obtained  in  an  absolutely  definite 
state,  Marignac  prepared  neutral  solutions  of  it  and  deter- 
mined the  ratio  between  didymium  oxide  and  silver  chlo- 
ride. The  latter  compound  was  first  precipitated  in  the 
usual  way,  and  filtered  off;  the  excess  of  silver  in  the  filtrate 
was  removed  by  hydrochloric  acid,  and  after  that  the  didy- 
mium was  thrown  down  as  oxalate  and  weighed  as  oxide. 
The  subjoined  weights  of  AgCl  and  Di^O,  were  found.  In 
a  third  column  I  give  the  ratio  between  the  two  compounds, 
putting  AgCl  at  100  : 

AgCL  Difiy  Ratio, 

10.058  gnn.  3.946  grm.  39.232 

5.029    •«  1.960    "  3S.974 

5.844    "  2.276    "  38.946 


Mean.  39.051,  db  .061 

Hence  Di  =  143.637,  d:  .263. 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  38,  148.     1853. 
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Hermann's  *  determination  of  the  atomic  weight  of  didy 
mium  rests  on  a  single  experiment  with  the  sulphate.  3y 
precipitation  as  oxalate  and  subsequent  ignition,  he  imv<* 
that  this  salt  jielded  58.14  per  cent,  of  DijO,. 

Zschieschef  also  analyzed  didymium  sulphate,  which  b0 
dehydrated  at  230°,  and  afterwards  converted  into  oxide  by 
calcination.  I  give  his  percentages,  and  also,  in  a  fourth 
column,  the  percentage  of  oxide  from  the  anhydrous  sul- 
phate as  deduced  from  his  figures : 


//,a 

SOy 

I>t\Oy 

/)i\0. 

in  anhyd,  salt. 

23.19 

32.97 

43.83 

57.070 

23.03 

32.39 

44.58 

57.919 

23.00 

32.56 

44.95 

58.006 

23-547 

31.938 

44515 

58.225 

22.550 

32.870 

44.570 

57.554 

The  salt  used  in  the  first  experiment  probably  contained 
lanthanum.  Rejecting  this,  the  mean  of  the  figures  remain- 
ing in  the  fourth  column  is  57.926,  ±:  .094.  Hence  Di  = 
141.007. 

Erk,t  to  whom  reference  has  already  been  made,  estimated 
didymium  in  the  sulphate  by  precipitation  as  oxalate  and 
calcination  to  oxide : 

Di\{SO^)^  Di^Oy  Per  cent,  Dt\Oy 

.556  grm.  .323  gmi.  58.094 

.674    -  .3915  •'  58.087 

Hermann's  single  result  for  this  percentage,  58.14,  agrees 
more  nearly  with  Erk*s  series  than  with  any  other.  It  may 
therefore  be  averaged  in  with  Erk's  two  experiments,  giving 
a  mean  of  58.107,  ±:  .0112.  Erk  also  obtained  from  .7065 
grm.  of  sulphate  .859  grm.  BaS04.  T'^^s  experiment  has 
already  been  averaged  with  Marignac's  earlier  results. 

The  latest  determinations  of  the  atomic  weight  of  didy- 
mium were  published  by  Cleve  H  in  1874.    Strongly  calcined 

*  Joum.  far  Prakl.  Chcm.,  82.  367.     1S61. 

f  Journ.  fiir  I*rakt.  Chem..  107,  74. 

X  Jcnaisches*  Zeitschrift,  6,  306.     1 87 1 . 

II  K.  Svcnska  Vet.  Akad.  Handlingar,  Bd.  2,  No.  8.     These  figures  were  kiadlf 
transcribed  for  mc  by  Professor  Delafontaine  of  Chicago,  as  I  had  not 
a  copy  of  the  original  memoir. 
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didymium  oxide  was  dissolved  in  'nitric  acid,  the  solution 
was  evaporated  with  sulphuric  acid,  and  the  weight  of  the 
resulting  sulphate  was  ascertained.  I  subjoin  the  weighings 
and  the  percentage  of  Di^Og  in  01,(804)3 : 

Di^Oy  Dt\(SOJy  Per  cent,  Difiy 

2.257  grm.  3.844  grm.  58.7»5 

1.086    "  1.8485  "  58.750 

1. 1525  *«  1.9615  "  58.756 

1.3635  "  2.319    "  58.797 

1-9655  "  3.3435  "  58.786 

1.528    "  2.599    "  58.792 

Mean,  58.766,  d:  .0087 

Hence  Di  =  146.804.    If  SO,  =  80,  Di  =  147.021. 

This  determination  is  undoubtedly  the  best  of  all,  and 
might  properly  be  accepted  to  the  exclusion  of  the  others. 
Still,  it  is  worth  while  to  combine  all  the  figures  into  one 
general  mean.  For  the  percentage  of  DijOj  in  013(804)3 
we  have  the  following  data : 

Marignac 58.270,  ifc  .0115 

Erk  and  Hermann 58.107,  =fc  .0112 

Zschiesche 57.926,  ifc  .094 

Cleve 58.766,  =fc  .0087 

General  mean 58.45i»  d=  -0059 

For  the  atomic  weight  of  didymium  we  have  now  three 
independent  values : 

From  per  cent.  Di,0,  in  Di,(S04), Di  =  144.604,  ±.  .031 

"     Marignac*s  chloride  analyses "  =  143.637,  d=  .263 

"     Marignac's  and  Erk*s  BaSO^ ratio-.  **   =  143.929,  =fc  .189 

General  mean "  :=  I44.573>  d=  .0306 

If  0  =  16,  Di  =  144.906. 
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THE  YTTRIUM  GROUP. 

The  atomic  weights  of  the  metals  in  this  group  can  only 
be  said  to  have  been  determined  approximately.  Not  only 
do  great  difficulties  attend  the  purification  of  the  material 
used  for  study  and  the  separation  of  the  earths  from  each 
other,  but  there  have  been  and  still  are  grave  doubts  as  to 
the  actual  nature  of  some  of  the  latter.  The  figures  for 
scandium,  yttrium,  and  ytterbium  seem  to  be  tolerably 
good ;  those  for  decipium,  philippium,  thulium,  erbium,  and 
terbium  are  little  more  than  estimates ;  for  samarium  we 
have  no  data  whatever.  All  the  atomic  weights  in  this 
group  are  based  upon  analyses  or  syntheses  of  sulphates; 
and  from  analogy  to  the  cerium  metals  all  of  these  elements 
are  regarded  as  forming  sesquioxides. 

SCANDIUM. 

Cleve,*  who  was  the  first  to  make  accurate  experiments 
on  the  atomic  weight  of  this  metal,  obtained  the  following 
data.  1.451  grm.  of  sulphate,  ignited,  gave  .5293  grm.  of 
ScjOg.  .4479  grm.  of  ScjOj,  converted  into  sulphate, 
yielded  1.2255  grm.  of  the  latter,  which,  upon  ignition, 
gave  .4479  grm.  of  ScjOg.  Hence,  for  the  percentage  of 
ScjOg  in  80,(804)3  we  have: 

36.478 
36.556 
56.556 


Mean,  36.530 

Hence,  if  808  =  80,  Sc  =  45.044. 

Later  and  better  results  are  those  of  Nilson,t  who  con- 
verted scandium  oxide  into  the  sulphate.  I  give  in  a  third 
column  the  percentage  of  oxide  in  sulphate : 


*  Compt.  Rend.,  89,  419. 

f-Compt.  Rend.,  91,  118.  J 

H 
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•3379  g™*'  SCjOj  gave  .9343  grm.  SCjcSO^^j.  36.166  per  cent. 

.3015  "  .8330  **  36.194 

.2998  •'  .8257  "  36.187 

.3192  "  .8823  ••  36.178 


(i 


Mean,  36.181,  db  .004 

Hence  Sc  =  43.980,  ±  .015 ;  or,  if  0  =  16,  then  Sc  = 
44.081.  If  SOa  =  80,  then  Sc  =  44.032.  These  values  are 
doubtless  very  nearly  correct. 

YTTRIUM. 

For  yttrium  we  need  consider  only  the  determinations 
of  Popp,  Delafontaine,  Bahr  and  Bunsen,  and  Cleve. 

Popp*  evidently  worked  with  material  not  wholly  free 
from  earths  of  higher  molecular  weight  than  yttria.  The 
3'ttrium  sulphate  was  dehydrated  at  200°;  the  sulphuric 
acid  was  then  estimated  as  barium  sulphate ;  and  dfter  the 
excess  of  barium  in  the  filtrate  had  been  removed,  the 
yttrium  was  thrown  down  as  oxalate,  and  ignited  to  yield 
oxide.    The  following  are  the  weights  given  by  Popp : 


Sulphate, 

BaSO^, 

r/,c?,. 

J/^0. 

I.1805  grm. 

1.3145  grm. 

.4742  grm. 

.255  gim. 

1.4295     " 

1.593      " 

.5745     " 

.308    " 

.8455     " 

.9407    " 

.3392    " 

.1825  " 

1.045       " 

I. 1635     " 

.4195     " 

.2258  '* 

Eliminating  water,  these  figures  give  us  for  the  percent- 
ages of  Yt,0,  in  Yt, (804)3  the  values  in  column  A.  In 
column  B  I  put  the  quantities  of  YtoOj  proportional  to 
100  parts  of  BaSO^ : 


A. 

51237 
51.226 
51. 161 
51.209 

± 

.011 

Mean, 

B. 

36.075 
36.064 

36.058 

36.055 

Mean,  51.208, 

,  36.063,  -*-  .003 

From  B,  Yt  =  101.880.    The  values  in  A  will  be  com- 
bined with  similar  data  from  other  experimenters. 


*Ann.  Chem.  Pharm.,  131,  179. 

16 
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In  1865  Delafontaine  *  published  some  resalts  obtained 
from  yttrium  sulphate,  the  yttrium  being  thrown  down  as 
oxalate  and  weighed  as  oxide.  In  the  fourth  column  I  give 
the  percentages  of  Yt,0,  reckoned  from  the  anhydrous  sul- 
phate : 


Sulphate, 

•9545  grm- 
2.485       •• 
2153       * 


.371  gnn. 

.95S5 
.827 


(( 


.216  gnn. 
.565    " 

.4935  " 


Percent.  Yt^O^. 

50237 
49.922 

49834 


Mean,  49.998,  li:  .081 


In  another  paper  t  Delafontaine  gives  the  following  per- 
centages of  YtjOa  in  dry  sulphate.  The  mode  of  estima- 
tion was  the  same  as  before : 


48.23 
48.09 

48.37 


Mean,  48.23,  ±,  .055 

Bahr  and  Bunsen,t  and  likewise  Cleve,  adopted  the 
method  of  converting  dry  yttrium  oxide  into  anhydrous 
sulphate,  and  noting  the  gain  in  weight.  Bahr  and  Bunsen 
give  us  the  two  following  results.     I  add  the  usual  j>erceui- 


age  tMjlunm  : 

i?,tv 

i?,(5o;),. 

Per  cent.  }?,0, 

.7266  pm. 

1.4737  K""- 

49.304 

.7S56     - 

1.5956  " 

49.235 

Mean,  49-2695,  i  .0233 

Cleve's  II  results  arc  published  in  a  joint  memoir  by  Cleve 
and  Hoeglund,  and  are  as  follows : 


*  .\nn.  Chem.  Pharm.,  134.  loS. 

+  .Vrch.  (les  Sci.  Phys.  ct  Nat.,  |2.»  25,  119.     1866. 

+  Ann.  Chem.  I'harm.,  137.  21.     1866. 

j  K.  Svenska  Vet.  Akad.  llandlingar,  IW.  I,  No.  8. 
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V/^Oy  r/,(5C?J,.  Percent,  Yt^Oy 

1.4060  grm.  .  2.8925  gnn.  48.608 

1.0930    «•  2.2515     "  48.545 

1.4540    "  2.9895     "  48.637 

1.3285    "  2.7320    "  48.627 

2.3500    "  4.8330    "  48.624 

2.5780    "  5.3055     «  48.591 

Mean,  48.605,  dr  .0096 

This  series  is  unquestionably  the  best  of  all.  From  it,  if 
SO  a  =  80,  Yt  =  89.485. 

Combining  all  these  data  we  have  the  subjoined  general 
mean  for  the  percentage  of  YtjOg : 

Popp 51.208,    dt.oii 

Deiafontaine,  1st 49*998,    db  .081 

2d 48.230,    ±.055 

Bahr  and  Bunsen 49.2695,  ±:  .0233 

Qeve 48.605,    di  .0096 

General  mean 49.637>    ±.0069 

Rejecting  Popp 48.705,    zfc  .0087 

From  the  general  mean  of  all,  Yt  =  97.616.  From  the 
mean  after  excluding  Popp's  work,  Yt  =  89.816,  di  .067 ; 
or,  if  O  =  16,  Yt  =  90.023. 

YTTERBIUM. 


For  ytterbium  we  have  one  very  good  set  of  determina- 
tions by  Nilson.*  The  oxide  was  converted  into  the  sul- 
phate after  the  usual  manner : 


w,o,. 

\\[S0,\. 

Percent,  Yb^O^ 

1.0063  S"^-                 1. 6186  grm. 

62.171 

1. 01 39    ' 

1.6314    " 

62.149 

.8509    - 

1.3690    " 

62.155 

.7371     •' 

•                      1.1861     ** 

62. 145 

1.0005    •' 

1.6099    " 

62.147 

.8090    *' 

1.3022     ** 

62.126 

1.0059    ** 

'                     1. 6189    »* 

Mean, 

62.134 

62.147,  ±  .0036 

*  Compt.  Rend.,  91,  56.     1880. 
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Hence  Yb  =  172.701,  -  .038.  If  O  =  16,  then  Yb  = 
173.158.  If  SO3  =  80,  Yb  =  173.010.  The  true  numWr 
cannot  be  far  from  173. 

EKBIUM. 

Since  the  earth  which  was  formerly  regarded  as  the  oxi<le 
of  tljis  metal  is  now  known  to  be  a  mixture  of  two  or  thnx- 
<lifrerent  oxides,  the  older  determinations  of  its  molecular 
weight  have  little  more  than  historical  interest.  Nevt-rtl  e- 
Icss  the  work  done  by  several  investigators  may  properly  Ix- 
riled,  since  it  sheds  some  light  upon  certain  important  proU 
Icms. 

First,  Delafontaine^s*  early  investigations  may  be  consid- 
ered. A  sulphate,  regarded  as  erbium  sulphate,  jyave  the 
following  data.  An  oxalate  was  thrown  down  from  it, 
which,  upon  ignition,  gave  oxide.  The  percentages  in  the 
fourth  colunni  refer  to  the  anhydrous  sulphate.  In  the  last 
experiment  water  was  not  estimated,  and  I  assume  for  its 
water  the  mean  percentage  of  the  four  preceding  experi- 
nu'Uts: 


S:t//<f\'t7f.\ 

/::r,0,. 

* 

Pr^ 

•  Tl'///.  Er^Oy 

.8^7  \ir\\\. 

•353  grni. 

.177  gmi. 

S4.30S 

1.04S5  *• 

•4475  " 

.226     *• 

54407 

•34«5  •• 

.171     " 

54.03s 

l.2^W      • 

•5-3    •• 

.264    •' 

54.02S 

i.iv»5  •• 

•495     " 

« 

M 

can. 

54.760 

54.308,   rb  . 

0915 

I>alir  and  Hunsentgive  a  series  of  results,  representing 
^ueeessive  |>urilioations  of  the  earth  which  was  studied. 
Tlie  thial  result,  obtained  by  the  conversion  of  oxide  into 
Milpliale.  was  as  follows: 

.7S70  i;rni.  o\idc  ij.ivo  1. 2 765  grni.  Milphate.     61.653  P*^*"  cent,  oxide. 

Iloeixliuul.l  following  the  method  of  Bahr  and  Bunsen, 

se^iMVvl  iliese  results: 


*  Ann.  Chom.  PliaxT.*...  134.  loS.     1S65. 

r  Ann.  Chom.  rh.inn..  I  ;7.  21.      1 866. 

;  K.  S\cn^k.i  Vc!.  AV,id.  Hindlingar.  BJ.  i.  No.  6w 
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Er^Oy  Er^(SO^\.  Per  cent.  Er^Oy 

.1.8760  gnn.  3.0360  gmi.  61.792 

1.7990    *•  2.9100    "  •    61.821 

2.8410    ••  4-5935     "  61.848 

1.2850    "  2.0775     "  61.853 

1. 1300    "  1.827      "  61.850 

.8475    "  '-370      "  61.861 

Mean,  61.8375,  dr  .0063 

Humpidge  and  Bumey  *  give  data  as  follows : 

1.9596  gnn.  Er,(S04),  gave  1.2147  grm.  Er^Oj.     61.987  percent. 
•  1.9011  ."  1.1781  **  61.965      " 

Mean,  61.976,  dr  .0074 

Combining  all  four  series  we  get  the  subjoined  general 
mean  for  the  percentage  of  oxide  in  sulphate,  Bahr  and 
Bunsen's  single  experiment  is  given  the  probable  error  of 
one  experiment  in  Hoeglund's  series : 

I>elafontaine 54- 308,    d=  .0915 

Bahr  and  Bunsen 61.653,    dt  .0178 

Hoeglund 61.8375,  d=  .0063 

Humpidge  and  Bumey 61.976.    rb  .0074 

General  mean 61.860,    d:  .0046 

Rejecting  the  first 61.880,    db  .0046 

From  the  mean  of  all,  Er  =  170.379,  dr  .082;  or,  if  0  = 
16,  Er  =  170.770.  From  Bahr  and  Bunsen's  determination, 
Er  =  168.683 ;  and  from  Humpidge  and  Burney's  highest, 
Er  =  171.428. 

The  foregoing  data  were  all  published  before  the  com- 
posite nature  of  the  supposed  erbia  was  fully  recognized. 
It  will  be  seen,  however,  that  three  sets  of  results  were  fairly 
comparable,  while  Delafontaine  evidently  studied  an  earth 
widely  different  from  that  investigated  by  the  others.  Since 
the  discovery  of  ytterbium,  some  light  has  been  thrown  on 
the  matter.  The  old  erbia  is  a  mixture  of  at  least  three 
earths,  to  one  of  which,  a  rose-colored  body,  the  name  erbia 
is  now  restricted.    For  the  atomic  weight  of  the  true  erbium 

♦  Joum.  Chem.  Society,  Feb.,  1879,  P*  ^^^* 
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Cleve*  gives  three  values,  but  without   data   concerning 

weighings  or  methods.    Doubtless  the  oxide  was  converted 

into  sulphate,  and  the  calculations  were  made  with  SO,  = 

SO: 

166.00 

l6<>.21 

166.25 


Mean.  1 66. 1 53 

With  SO3  =  79.S74,  this  Ijecomes  165.891.  and  if  only  0 
=  1»»,  106.273.  These  figures  are  undoubtedly  the  nearest 
yet  reached  to  the  true  value.  According  to  Thalenjt  who 
reasons  from  spectroscopic  evidence,  the  erbium  of  Hoegluud 
was  largely  ytterbium. 

■ 

TERBIUM.  SAMARIUM,  PHILIPPIUM,  DECIPIUM,  THULIUM. 
HOLMIUM.  AND   SORET's   EARTH    X. 

m 

Concerning  these  substances,  real  or  alleged,  the  data  are 
exceedingly  vague.    For  phillippium  Delafontaine  t  gives 
an  atomic  weight  approximating  to  123  or  125,  and  in  the 
same  memoir  decipium  is  put  at  171.     It  seems  probaMe  that 
philippium  may  be  idi'ntical  with  CleveV  holmiuni  autl  the 
meial  of  Soret's  earth  X,  wliile  deL-ii>ium  comes  near  <l'leves 
thulium,  for  which  the  discoverer  gives  a  value  of  about 
170.7.JI     If  decipium  and  tliulium  are  identical,  or  if  either 
proves  to  be  erbium  or  ytterbium  contaminated  with  the 
other,  then  we  .shall  have  a  triad  of  metals  with  atomic 
weit;hts  ranging  from  Er  =  WS  to  Yb  =  173,  .strikingly 
parallel  with  lanthanum,  tvriuni,  and  didymiuni.     If  we 
take  the  natural  arrangement  of  the  elements  as  tabulated 
after  Mendelejeft'V  plan.  .«omowhat  moditieil  in  RosiCie  and 
Schorlemmer's  "Treatise  on  Chemistrv,§  wt*  iin«l  that  such 
a  triad  should  exist,  and,  furthermore,  that  another  similar 


*Compt.  Rend..  91,  382. 

I  Pojjgend.  Beibliitcr.  5,  122.      iSSi. 

X  Arch,  dcs  Sci.  Phy>.  et  Nat..  Mars,  1S80. 

ii  Compt.  Renfl..  91.  329.     iSSo. 

^  Vv»l.  2,  Part  2,  p.  507. 
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group  ought  to  lie  between  indium  and  tin.  The  latter 
triad  should  have  atomic  weights  ranging  from  114  to  117 ; 
and  here  possibly,  or  else  forming  a  triad  with  yttrium,  the 
other  metals,  of  this  group  may  lie. 


COLUMBIUM.* 

The  atomic  weight  of  this  metal  has  been  determined  by 
Rose,  Hermann,  Blomstrand,  and  Marignac.  Rosof  anal- 
yzed a  compound  which  he  supposed  to  be  chloride,  but 
which,  according  to  Rammelsberg,t  must  have  been  nearly 
pure  oxychloride.  If  it  was  chloride,  then  the  widely  vary- 
ing results  give  approximately  Cb  =  122 ;  if  it  was  oxy- 
chloride, the  value  becomes  nearly  94.  If  it  was  chloride, 
it  was  doubtless  contaminated  with  tantalum  compounds. 

Hermann's  II  results  seem  to  have  no  present  value,  and 
as  for  Blomstrand's,§  I  am  not  able  to  get  at  a  copy  of  his 
original  memoir.  The  results  of  the  latter  chemist  are  thus 
summed  up  in  Becker's  "  Digest."  Three  chlorine  estima- 
tions in  the  pentachloride  give,  in  mean,  Cb  =  96.07. 
XHeven  weighings  of  columbic  acid  from  the  same  com- 
pound make  Cb  ^  96.16.  Other  experiments  on  sodium 
columbate  lead  Blomstrand  to  regard  95  as  the  most  prob- 
able value. 

Marignac  1[  made  about  twenty  analyses  of  the  potassium 
fluoxycolumbate,  CbOF3.2KF.H^O.  100  parts  of  this  salt 
give  the  following  percentages : 

Cb|0( Extremes  44.15  to  44.60    Mean,  44.36 

*  KjSO^ "        57.60  "  58.05 

H,0 "  5.75  "    5.9« 

F "        30.62  "  32.22 

*  This  Dame  has  priority  over  the  more  generally  accepted  "  niobium/*  and 
diereibre  deserves  preference. 

f  Poggend.  Annal.,  104,439.     1858. 

{  Poggend.  Annal.,  136,  353.     1869. 

IJourn.  f&r  Prakt.  Chem.,  68,  73.     1856. 

{Acta  Univ.  Lund,  1864. 

f  Aidiives  des  Sci.  Phys.  et  Nat.,  (2,)  23,  258.     1865. 
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From  the  mean  percentage  of  CbjOj,  Cb  =  93.217.  If 
O  =  IG,  this  becomes  93.431. 

From  the  mean  between  the  extremes  given  for  KjS04. 
Cb  =  93.812.    If  O  =  16,  this  becomes  94.027. 

As  Deville  and  Troost's*  results  for  the  vapor  density  of 
the  chloride  and  oxychloride  agree  fairly  well  with  Cb  = 
94,  we  may  adopt  this  value  as  approximately  correct. 


TANTALUM. 

The  results  obtained  for  the  atomic  weight  of  this  metal 
by  Berzelius,t  Rose,J  and  Hermann  ||  may  be  fairly  left  out 
of  account  as  valueless.  These  chemists  could  not  have 
worked  with  pure  preparations,  and  their  data  are  suffi- 
ciently summed  up  in  Becker's  "  Digest.'' 

Marignac§  made  four  analyses  of  a  pure  potassium  Huo- 
tantalate,  and  four  more  experiments  upon  the  ammonium 
salt.  The  potassium  compound,  KjTaFy  was  treated  with 
sulphuric  acid,  and  the  mixture  was  then  evaporated  lu  dry- 
ness. The  potassium  sulphate  was  then  dissolved  out  by 
water,  while  the  residue  was  ignited  and  weighed  as  Ta.O;. 
100  parts  of  the  salt  gave  tlie  following  quantities  of  TujO^ 
and  K2SO4  : 

56.50  44.37 

56.75  44.35 

56.55  44.22 

56.56  44.24 


Mc.in,  56.50,   :  :  .057  Mean,  44.295,   -zz  .026 


'^  Compter  Kend.,  56,  891.      1863. 

;•  Poggcnd.  Annal..  4,  14.      1S25.     Lchrbuch.  3,  1209. 

t  l^oggend.  Annal.,  99,  80.      1856. 

■;i  Journ.  fiir  Prakt.  Chcm.,  70,  193.     1857. 

^  Archives  des  Sci.  P!iy.-.  ot  Nat.,  26,  89,  scric  2.      1866. 
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From  these  figures,  100  parts  of  KjSO^  correspond  to  the 
subjoined  quantities  of  Ta^O, :  t 

127.338 
127.960 

128.178 

127.848 

Mean,  127.831,  ±.  .120 

The  ammonium  salt,  (NH^)/raF7,  ignited  with  sulphuric 
acid,  gave  these  percentages  of  TajOj.  The  figures  are  cor- 
rected for  a  trace  of  KjSO^  which  was  always  present : 

63.08 
63.24 
63.27 
63.42 

Mean,  63.25,  d=  .047 

Hence  we  have  four  values  for  Ta : 

From  potassium  salt,  per  cent.  Ta^O^ Ta  =  183.033,  ±  .343 

K,SO^ "   =  181. 619,  dtz  .242 

K,SO^  :  Ta,Oj "   =  182.361,  db  .411 

ammonium  salt,  per  cent.  Ta,Oj "   =  182.149,  ±  .456 

General  mean ••   =  182.144,  dr  .166 

Or,  if  0  =  16,  Ta  =  182.562. 

If  we  assume  K  =  39,  0  =  16,  F  =  19,  S  =  32,  and  N= 
14;  the  percentage  of  K,  SO  4  from  KjTaF,  gives  Ta  = 
181.912;  and  the  analyses  of  the  ammonium  salt  make 
Ta  =  182.020.  Evidently,  182  is  not  far  from  the  true 
value. 


*«  •<  tf 

•« 


PLATINUM. 


For  this  metal  we  have  to  consider  only  experiments  by 
Berzelius,  by  Andrews,  and  by  Seubert.  In  an  early  paper 
Berzelius^  reduced  platinous  chloride,  and  found  it  to  con- 
tain 73.3  per  cent,  of  platinum.    Hence,  Pt  =  194.204,  a 

*Poggend.  Annal.,  8,  177.     1826. 
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value  very  near  that  obtained  most  recently  by  Seubert.  In 
his  later  investigations,  Berzelius*  studied  the  potassium 
chloroplatinate,  KjPtClj.  6.981  parts  of  this  salt,  ignited 
in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted 
of  2.822  platinum,  and  2.135  potassium  chloride.  From 
these  data  we  may  calculate  the  atomic  weight  of  platinum 
in  four  ways : 

1st.  From  loss  of  CI  upon  ignition Pt  ^  197.722 

2d.       **      weight  of  Pt  in  residue "  ^  196.942 

3d.       "  "      KCl        "         __ .-"=-196.215 

4th.      "      ratio  between  KCl  and  Pt •*  =  196.652 

The  last  of  these  values  is  undoubtedly  the  most  reliable, 
since  it  involves  no  errors  due  to  the  possible  presence  of 
moisture  in  the  salt  analyzed.  If  0  =  16,  the  value  be- 
comes Pt  =  197.104. 

Tlie  work  done  by  Andrews  f  is  even  less  satisfactory  than 
the  foregoing,  for  the  reason  that  its  full  details  seem  never 
to  have  been  published.  Andrews  dried  potassium  chloro- 
platinate at  105°,  and  then  decomposed  it  by  means  of  zinc 
and  water.  The  excess  of  zinc  having  been  dissolved  by 
treatment  with  acetic  and  nitric  acids,  the  platinum  was 
collected  ui)on  a  filter  and  weighed,  while  the  chlorine  in 
the  liltrate  was  estimated  bv  Pelouze's  method.  Three 
determinations  gave  as  follows  for  the  atomic  weight  uf 

platinum : 

197.86 
197.68 
19S.12 

Mean,  197.887 

If  we  assume  that  these  values  were  calculated  with  K  = 
30  and  CI  =  35.5,  the  mean,  corrected  by  our  later  tigures 
f«>r  these  elements,  becomes  Pt  =  1 97.382.  If  (>  r:=  ifi,  this 
becomes  Pt  =  197.830.  Unfortunately,  Andrews  does  not, 
in  his  brief  note  upon  the  subject,  imlicalo  the  manner  bv 
which  his  calculations  were  made. 


-L. 


*  Poijgcmi.  Annal.,  13,468.      1S2S. 

f  HntUh  Association  Kej  ort,  1852.      Chem.  Gazette,  10,  380. 
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Latest  of  all  we  have  to  consider  the  experiments  of 
Seubert.*  This  chemist  prepared  very  pure  chloroplati- 
nates  of  ammonium  and  potassium,  and  from  their  compo- 
sition deduced  the  atomic  weight  of  the  metal  under  con- 
sideration. The  ammonium  salt,  (NH4),PtCle  was  analyzed 
by  heating  in  a  stream  of  hydrogen,  expelling  the  excess  of 
that  gas  by  a  current  of  carbon  dioxide,  and  weighing  the 
residual  metal.  In  three  experiments  the  hydrochloric  acid 
formed  during  such  a  reduction  was  collected  in  an  absorp- 
tion apparatus,  and  estimated  by  precipitation  as  silver 
chloride.  Three  series  of  results  are  given  for  the  percent- 
age of  platinum  in  this  salt,  together  with  another  single  re- 
sult which  may  be  considered  alone.     Here  are  the  figures  • 

Series  /.  Series  II.  Series  III 

43-957  43-871  43-990 

43.948  43-876  43986 

43-960  43-872  44.001 

43-946  43-881  .     44.020 

43-963  43-875  43-994 

43-961  43-879  43996 

\         44.004, 

Mean,  43.956,  dr  .002  Mean,  43.876,  zb  .001  44.026 

43-998 
Mean,  44.001,  d=  .003 

These  series  represent  three  preparations.  The  additional 
single  experiment  above  referred  to  was  made  with  material 
belonging  to  series  II,  but  recrystallized  from  water.  This 
salt  gave  43.955  per  cent,  of  platinum,  a  figure  to  which  we 
may  assign  the  probable  error  of  one  experiment  in  the 
first  series.  Combining,  we  get  the  subjoined  general  mean 
percentage  of  R  in  (NH  J,PtCle : 

Series  I 43-956t  db  .002 

"      II 43-876,  ±L  .001 

"      III 44.001,  ±  .003 

Extra  experiment 43-955t  =i=  .004 

General  mean 43.907,  :t  .0009 

« 

*Ber.  der  Deutsch.  Chem.  Gesell.,  14,  865.     1881. 
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Hence  Pt  =  194.314,  ±  .078.  If  N  =  14,  and  CI  =  35.5, 
then  Pt  =  194.906.  Calculating  with  Stas'  values  for  N  and 
CI,  Seubert  gets  from  the  four  results  combined  above,  the  fol- 
lowing figures  for  Pt,  respectively :  194.685, 194.039, 195.034, 
194.665. 

For  the  chlorine  estimations  in  the  ammonium  salt  the 
subjoined  weighings  are  given : 

Salt.  Pt.  AgCl. 

2.7054  ^TTA.  1.1S71  grm.  5.2226  grm. 

2.2748    "  .9958    ••  43758     " 

3.0822    '•  1. 3561     ••  5-9496     " 

Hence  100  parts  of  AgCl  correspond  to  the  following 

quantities  of  salt : 

51.802 

5  ".986 

5«-8o5 
Mean,  51.864,  di  .041 

Hence,  calculating  directly  from  the  ratio  between  GAgCl 
and  (NH4),PtCle,  Pt  =  19G.871,  di  .363. 

Seubert  himself  rwkons  the  perc€;ptage  of  chlorine  from 
the  weight  of  silver  cliloride,  and  then  calculates  the  ratio 
between  Clg  and  Pt.  He  thus  finds,  with  Stas'  value  for  CI, 
Pt  =  11)5.330. 

Tlic  pota^jsium  salt,  K^PtClg,  was  also  analyzed  by  igni- 
tion in  hydrogen,  treatment  with  water,  and  weighing  both 
the  platinum  and  the  potassium  chloride.  These  percent- 
ages were  found : 

Pt.  Kd. 

40.119  30.706 

40.120  30.72S 
40.076  30.698 
40.070  30.666 
40.107  30.700 
40.120  30.627 
40.114  30.710 
40.130  30.621 


Mean  40.107,   ~  .005  Mean.  30.682,  db  .009 

From  the  fiM  column l_l*i  —  194.370,  :h  .068 

<com(l  •*       "  --  194.645,  ±:^  .213  ' 
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If  K  =  39,  and  CI  =  35.5,  the  first  column  gives  Pt  = 
194.933.  Seubert,  from  the  percentage  of  platinum,  gets 
Pt  =  194.392 ;  and  from  the  ratio  2KC1 :  Pt  he  finds  Pt  = 
194.494. 

As  with  the  ammonium  salt,  three  experiments  were  made 
upon  the  potassium  compound  to  determine  the  amount  of 
chlorine  lost  upon  reduction  in  hydrogen.-  I  cite  the  weigh- 
ings, and  add  in  a  fourth  column  the  quantity  of  KjjPtClj 
proportional  to  100  parts  of  AgCl.  This  AgCl  represents 
but  four  atoms  of  the  chlorine: 

Sa//,  Pi.  AgCl,  Ratio. 

6.7771  grm.  2.7158  grm.  7-9725  grm.  85.006 

3.5834    **  1.4372    *'  4.2270    »•  84.774 

4.4139    "  1. 7713     "  5.2144    •*  84.648 

Mean,  84.809,  dr  .071 

Hence  Pt  =  195.002,  ±  .415.  If  K  =  39,  Ag  =  108,  and 
<U1  =  35.5,  then  Pt  =  194.955.  Seubert,  calculating  the  per- 
centage of  chlorine  and  thence  the  ratio  Cl^  :  Pt,  gets  Pt  = 
194.631. 

Combining  all  the  values  we  have  the  following  result 
for  the  atomic  weight  of  platinum : 

1.  From  per  cent.  Pt  in  (NH^),PtCl, Pt  =  194.314,  d=  .078 

2.  "      6AgCl  :  (NH4)jPtCle  ratio _  ••  =  196.871,  ±  .363 

3.  ••     percent.  Pt  in  K,PtCl, "  ==  194.370,  d=  .068 

4.  •*  "       KCl        ••         "  =:  194.645,  rb  .213 

5.  "      4AgCl  :  K^PlCl,  ratio "  =  195.002,  d=  .415 

General  mean '*  .z=  194.415,  db  .049 

Or,  if  0  =  16,  Pt  =  194.867. 

Seubert,  taking  the  arithmetical  mean  of  his  eight  values, 
gets  Pt  =  194.620.  He  regards,  however,  those  results  as 
best  which  are  dependent  upon  the  percentage  of  platinum 
in  the  ammonium  salt,  and  upon  the  complete  analysis  of 
the  potassium  compound.  These  give  him  a  mean  of  Pt  = 
194.461,  which,  if  corrected  bv  reduction  to  a  vacuum  stand- 
ard,  becomes  Pt  =  194.34. 

In  will  be  noticed  that  three  of  the  ratios,  calculated  with 
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K  =  39,  N  =  14.  Ag  =  lUS,  and  CI  =  35.5,  give  nearly 

Pt  =  195,  namely : 

194.906 

194.933 

>94-955 

Tlie  general  mean  of  all.  if  0  =  16,  gives  Pt  =  194.867. 
Hence,  for  all  practical  calculations,  the  value  195  may  be 
safely  employed. 


OSMIUM. 

The  atomic  weight  of  this  metal  has  been  determined  by 
Borzelius  and  bv  Fremv. 

Berzelius*  analyzed  potassium  osmichloride,  igniting  it 
in  hydrogen  like  the  corresponding  platinum  Siilt.  1.3165 
grammes  lost  .3805  of  chlorine,  and  the  residue  consisted  of 
.401  grm.  of  potassium  chloride,  with  .535  grm.  of  osmium. 
Calculating  only  from  the  ratio  Wtween  the  Os  and  the  KCl, 
we  have,  Os  =  198.494 :  or,  if  O  =  16,  Os  =  198.951. 

Fremy's  determination  t  is  based  upon  the  composition  of 
nsmium  totroxidc.  No  dt-tails  as  to  weighings  or  methods 
are  given :  barely  the  tinal  result  is  stated.  This,  if  U  = 
15.9033,  is  Os  =  199.19U.     If  0  =  10.  Os  =  199.WS. 

Rerzoliu>'  work  is  evidently  entitled  to  preference,  although 
neither  determination  is  in  any  sense  equal  to  the  present 
requirements  of  chemical  science.  The  values  given  are 
doubtless  several  units  too  hisrh. 


IRIDIUM. 


The  only  early  determiniuion  of  the  atomic  weight  of 
iridium  was  made  by  Berzi'Iius.j:  who  analyzed  potassium 
iridii-hloride  by  the  sanu-  iiK-thod  employeii  with  the  plati- 
num and  the  osmium  salts.     The  result  found  from  a  single 

I\\;ijenvl.  Ann;il..  13.  530.      1S2S. 
f  Compl.  Rcml..  lo.  46S,      T-.-ur::.  :ur  IV.ilv:.  Chciu.,  ^^,  410.      1844. 
t  IVjgend.  Annal.,  13,  435.     iSjS. 
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analysis  was  not  far  from  Ir  =  196.7.  This  is  now  known 
to  be  too  high.  I  have  not,  therefore,  thought  it  worth 
while  to  recalculate  Berzelius'  figures,  but  give  his  estima- 
tion as  it  is  stated  in  Eoscoe  and  Schorlemmer's  "  Treatise 
on  Chemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,*  who  had  at 
his  disposal  150  grammes  of  pure  iridium.  From  this  he 
prepared  the  iridichlorides  of  ammonium  and  potassium, 
(NH4),IrCle  ana  KjIrCle,  which  salts  were  made  the  basis 
of  his  determinations.  The  potassium  salt  was  dried  by 
gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metal- 
lic iridium  was  left  behind  in  white  coherent  lamince.  The 
percentages  of  metal  found  in  seven  estimations  were  as  fol- 
lows: 

43-742 

43725 

43-745 

43-739 
43726 

43-739 
43705 

Mean,  43.732,  d:  .0035 

The  potassium  salt  was  also  analyzed  by  decomposition 
in  hydrogen  with  special  precautions.  In  the  residue  the 
iridium  and  the  potassium  chloride  were  separated  after  the 
usual  method,  and  both  were  estimated.  Eight  analyses 
gave  the  following  results,  expressed  in  percentages : 


Ir. 

2KCL 

a^. 

39.881 

30.829 

29.290 

39-890 

30.842 

29.277 

39.868 

30.813      • 

29.300 

39.876 

30.835 

29.289 

39.877 

30.825 

29.287 

39.879 

30.811 

29.310 

39.882 

30.814 

29.283 

39.883 

30.792 

•0037 

29.288 

Mean.  39.880,  d=  .0015 

30.820,  d= 

29.291,  ±i  .0024 

♦Bcr.  d.  Dcutsch.  Chem.  Gesell.,  11,  1767. 
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From  these  data  several  values  for  the  atomio  weight  of 
iridium  mav  be  calculated : 

From  percent.  Ir  in  'XH^^,IrCl^ Ir  =  192.951.  rr  .064 

"      KjlrCl^ _"  =  192.536,  =  .060 

*•  KCl  in  '•       _ *'  =  192.474,  =  .III 

Cl^  in     *•       **  =  192.757.  ==  .I4S 

General  mean "  =  192.702.  3:  .030 

If  0  =  16,  this  becomes  Ir  =  193.145. 

In  the  potassium  salt,  instead  of  calculating  from  the  per- 
centages directly,  we  may  reckon  upon  the  ratios  ]>ctween 
Ir  and  CI 4,  and  between  Ir  and  2KC1 : 

From  Ir  :  Cl^  ratio Ir  --^  192.626,  :i:  .oSi 

•*      Ir:2KCl  ratio ••  =  192.514.  :^  .044 

General  mean "  ■=  192.539.  ^r  .039 

Or,  if  0  =  10,  Ir  =  192.082. 

A|^ain,  we  may  combine  this  mean  with  the  value  derived 
from  the  ammonium  iridichloride,  and  so  estimate  the  re- 
lative importance  of  the  latter : 

From  KjIrClj Ir  =  192.539,  :^  .039 

••      iXH^^jIrClg  _■ ••  —192.951,  =  .064 

(.icncral  mean **   r=  192.651.  -_-;  .033 

If  o  =  1<).  this  becomes  Ir  =  193.004. 

We  mav  assume,  then,  from  all  the  facts  before  u.s.  that  it 
(.)  =  IG,  the  atomic  weight  of  iridium  varies  from  the  even 
number  193  only  within  the  limits  of  experimental  error. 


PALLADIUM. 

The  atomic  weight  of  palladium  has  been  studied  by  Ber- 
zelius  and  by  Quintus  Icilius.  In  an  early  paper  Berzelias* 
found  that  100  parts  of  the  metal  united  with  28.15  of  sul- 
phur.    Hence  Pd  =  113.03,  a  result  which  is  unquestionably 


far  too  high. 


■■*  Poggend.  .\nnal..  S.  177.     1826. 
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In  a  later  paper*  Berzelius  published  two  analyses  of 
potassium  palladiochloride,  K  ^  PdCl  4 .  The  salt  was  decom- 
posed by  ignition  in  hydrogen,  as  was  the  case  with  the 
double  chlorides  of  potassium  with  platinum,  osmium,  and 
iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question  : 

Pd,  2KCL  c/,. 

32.726  46.044  21.229 

32.655  m  45.741         21.604 

Mean,  32.690  45-892  21.416 

From  these  percentages,  calculating  directly,  very  dis- 
cordant results  are  obtained : 

From  percentage  of  metal Pd  =  106.612 

KCl "   =  104.674 

CI,,  (loss) "   =  110.796 


(I  «< 

«(  <« 


Obviously,  the  only  way  to  get  satisfactory  figures  is  to 
calculate  from  the  ratio  between  the  Pd  and  2KC1.  Doing 
this,  we  get,  Pd  =  105.737 ;  or,  if  0  =  16,  Pd  =  105.981. 

This  last  value  varies  so  slightly  from  the  oven  number 
106  that  the  latter  may  be  safely  used  for  all  puri)oses  of 
chemical  calculation. 

The  determination  made  by  Quintus  Icilius*  need  be 
given  only  for  the  sake  oi  completeness.  He  ignited  potas- 
sium palladichloride  in  hydrogen,  and  found  the  following 
amounts  of  residue.    His  weights  are  here  recalculated  into 

percentages : 

64.708 

64.965 
64.781 

Mean,  64.818 

From  this  mean,  Pd  =  111.879.  Upon  looking  at  the 
values  deduced  from  Berzelius'  figures,  it  will  be  seen  that 

■     I Tl  II  ■     -      ■  -  ■■         — 1 -■" 

*  Pbggend.  Anna!.,  13,  454.  1828. 

f  •*  Die  Atorogewichte  vom  Pd,  K,  CI,  Ag,  C,  und  H,  nach  der  Melhode  der 
kldxisten  Qnadiate  berechnet."  Inaug.  Diss.  G&ttingen,  1847.  Contains  no 
cCher  or^;iniil  analyses. 
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the  highest,  110.796,  is  calculated  from  the  chlorine  lost 
upon  igniting  the  palladiochloride.  .The  same  kind  of 
error  which  vitiates  that  result  probably  affects  also  these 
data  drawn  from  the  palladiochloride. 


RHODIUM.        ^ 

ft 

Berzelius*  determined  the  atomic  weight  of  this  metal 
by  the  analysis  of  sodium  and  potassium  rhodiochloridcs, 
NasRhCle,  and  K^RhClB.  The  latter  salt  was  dried  by 
heating  in  chlorine.  The  compounds  were  analyzed  by  re- 
duction in  hydrogen,  after  the  usual  manner.  Reduced  to 
percentages  the  analyses  come  out  as  follows : 

Kh.  jNaCl,  a^, 

26.959  45S53  27.189 
27.229  45-301  27.470 
27.616 

Mean,  27.094  45-577  

27.425 

A'/i.  sKCL  Cly 

2S.9S9  41*450  29.561 

From  tlio  analyses  of  the  sodium  salt  we  get  the  following 
values  for  Rh : 

Krom  per  cent,  of  metal Rh  =  104.507 

XaCl ••    —102.980 

CI.,- ••    =^105.696 

ratio  between  CI3  and  Rh "    --  104. S29 

NaCl       *•       *•    —  104.093 


(k  4t 

(4  <« 

41 

44  .4 


These  are  discordant  tiguros,  and  indicate  some  doubt 
to  purity  of  material.  The  last  value  is  fairly  good,  how 
ever,  and  is  eonhrmed  by  results  from  the  potassium  com 
l)0und  : 

^  Poggend.  Annal.,  13,  435.     1828. 


t 
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From  per  cent  of  metal Rh  =  104.054 

KCl •'   =  104.046 

Clj "   =104.065 

Rh  :  Clj  ratio "    =  104.057 

"     Rh  :  KCl  ratio — .  "    =  104.051 

%       

Mean "  =  104.055 

If  0  =  16,  this  becomes  Rh  =  104.285. 


<i  <« 


RUTHENIUM. 


The  atomic  weight  of  this  metal  has  been  determined 
only  by  Glaus.*  Although  he  employed  several  methods^ 
the  only  results  worthy  of  present  notice  come  from  the 
analysis  of  potassium  rutheniochloride,  KjRuCl^.  The 
salt  was  dried  by  heating  to  200°  in  chlorine  gas,  but  even 
then  retained  a  trace  of  water.  The  percentage  results  of 
analysis  are  as  follows : 

Hu.  2KCL  Cly 

28.96  40.80  30.24 

28.48  41.39  30.22 

28.91  41.08  30.04 


Mean,  28.78  41*09  30.17 

Reckoning  directly  from  the  percentages  we  get  the  fol- 
lowing discordant  values  for  Ru : 

From  percentege  of  metal .. Ru  =  103.016 

"  KCl "   =  107.190 

a, "   =    96.854 


« 


Obviously,  the  best  result  is  to  be  obtained  from  the  ratio 
between  Ru  and  2KC1.  This  gives  Ru  =  104.217 ;  or,  if 
O  =  16,  Ru  =  104.457.  But  little  weight  can  be  attached 
to  this  determination. 

♦  Joum.  fiir  Prakt.  Chem.,  34,  435.     1845. 


APPENDIX. 


ON  DUMAS'  CORRECTION  AND  PROUl^'S  HYPOTHESIS. 

In  the  year  1816  Prout  put  forth  his  famous  hypothesis 
that  the  atomic  weights  of  all  the  elements  were  multiples 
of  that  of  hydrogen.  His  views  were  adopted  by  many 
chemists,  but  opposed  by  others;  among  them  Berzelius 
and  Turner;  and  down  to  the  present  day  "Front's  Law" 
has  been  the  subject  of  earnest  controversy.  Of  course  the 
fact  was  early  recognized  that  in  its  original  form  the  hy- 
pothesis could  not  stand,  and  accordingly  it  was  modified 
by  Dumas  in  such  manner  that  half  and  quarter  multiples 
of  the  atomic  weight  of  hydrogen  were  considered  as  well 
as  the  wholb  numbers. 

But  of  late  years  Front's  hypothesis,  even  with  its  elastic 
modification,  has  been  in  disfavor.  Only  a  few  chemists  still 
clung  to  it  as  the  representative  of  a  veritable  law.  The 
researches  of  Stas  were  especially  directed  towards  ascertain- 
ing its  truth  or  falsity ;  and  his  results,  as  well  as  those  ob- 
tained by  Marignac,  were  such  as  to  lead  most  chemists  to 
the  belief  that  it  had  been  forever  overthrown.  The  atomic 
weights  determined  by  Stas  agreed  neither  with  whole,  half, 
nor  quarter  multiples  of  that  of  hydrogen,  and  the  varia- 
tions seemed  to  be  wholly  outside  the  range  of  recognizable 
experimental  errors. 

In  1878,  however,  a  probable  source  of  error  in  some  of 
Stas'  researches  was  pointed  out  by  Dumas.*  Many  of  Stas' 
ratios  had  involved  the  use  of  pure  metallic  silver,  which 
had  been  fused  under  a  cover  of  borax  containing  a  little 


*  Ann.  Chim.  Phys.,  (5s.,)  14,  289. 
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nitre.  Such  silver  Dumas  heated  to  redness  in  a  Sprengd 
vacuum,  and  found  that  it  gave  up  weighablc  quantities  of 
oxygen,  which  had  been  absorbed  by  the  metal  when  in  the 
melted  state.  In  one  experiment  a  kilogramme  of  silver 
gave  82  milligrammes  of  occluded  gas,  and  in  three  other 
cases  226, 140,  and  249  milligrammes  respectively  were  founi 
In  other  words,  the  silver  which  had  been  considered  pure 
by  Stas  and  others,  was  really  not  pure,  and  a  correction 
became  necessary  in  nearly  all  series  of  atomic  weight  de- 
terminations. 

The  amount  of  this  correction,  which  I  think  may  here- 
after be  appropriately  designated  t^s  "  Dumas'  correction," 
will  naturally  vary  in  different  cases,  and  in  no  particular 
case  can  we  tell,  without  actual  examination  of  the  silver 
employed,  exactly  how  great  it  should  be.  We  may,  how- 
ever, assume  that  all  the  metallic  silver  heretofore  used  in 
establishing  atomic  weight  ratios  was  subject  to  it ;  and, 
reckoning  from  the  largest  error  indicated  in  the  experi- 
ments of  Dumas,  namely,  249  milligrammes  of  oxygen  in 
the  kilogramme  of  metal,  wc  may  ascertain  it^  tendency 
with  reference  to  Front's  law. 

In  the  chapter  upon  the  atomic  weights  of  silver,  chlorine, 
bromine,  iodine,  potassium,  sodium,  and  sulphur,  twenty 
ratios  are  given,  of  which  nine  are  subject  to  Dumas'  cor- 
rection.   Applying  it  as  suggested  above,  we  get  the  follow- 
ing results.    The  values  previously  found  and  given  in  the 
chapter  just  quoted,  we  may  designate  as  uncorrected.    For 
convenience  in  future  reference  I  assume  that  O  =  16 : 

Uncorr:\feii.       Correct  r-.i.        Difference. 

Silver 107.923  107. S96  — .027 

Chlorine 35-451  35-47S  -r-  .027 

Bromine 79-951  79-97S  -f  -O^J 

Iodine 126.S48  126.S75  + -027 

Potasiium 39-109  39-0^3  — .026 

Sodium 23.051  23.024  — .027 

Sulphur 32.05S  32.05S             

The  result  of  the  correction,  it  will  Ijo  seen,  is  generally 
favorable  to  Front's  hypothesis.     Of  the  seven  elements 
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under  consideration,  one  has  its  atomic  weight  unaffected, 
one  is  rendered  less  in  accord  with  the  hypothesis,  and  five. 
approximate  more  closely  than  before  to  even  multiples  or 
multiples  half  of  hydrogen. 

In  the  later  chapters  of  this  work  the  effect  of  Dumas' 
correction  is  generally  less  striking.  One  general  state- 
ment, however,  may  be  made  concerning  it.  Whenever  the 
atomic  weight  of  a  metal  is  calculated  from  the  ratio  between 
its  haloid  salts  and  metallic  silver,  the  total  effect  of  Dumas' 
correction,  including  the  above  corrections  for  the  halogens 
themselves,  will  be  to  lower  the  final  result.  This  point  will 
be  further  considered  presently.  Only  chlorine,  bromine, 
and  iodine  have  their  atomic  weights  raised  by  the  correc- 
tion. 

In  view  of  Dumas'  correction  the  question  naturally  arises 
as  to  how  far  other  metals,  used  in  atomic  weight  researches, 
may  occlude  gaseous  impurities.  For  example,  when  the 
atomic  weight  of  oxygen  is  fixed  by  the  synthesis  of  water 
over  copper  oxide,  may  not  the  copper  occlude  appreciable 
quantities  of  the  hydrogen  in  which  it  cools  ?  If  it  does, 
then  the  apparent  weight  of  metallic  copper  would  be  too 
high,  and  the  atomic  weight  of  oxygen  would  come  out  too 
low.  Such  an  error  might  possibly  account  for  the  differ- 
ence between  16  and  15.9633  in  the  atomic  weight  of  oxygen, 
and  it  would  also  increase  the  atomic  weight  of  copper  as 
determined  by  the  same  process.  At  all  events,  every  metal 
of  which  the  atomic  weight  has  been  determined  by  the  re- 
duction of  its  compounds  in  hydrogen,  ought  to  be  scrupu- 
lously investigated  with  reference  to  the  possible*  occlusion 
of  gaseous  impurities.  With  all  of  these  metals  the  eficct 
of  such  impurities  would  be  to  render  the  apparent  atomic 
weights  decidedly  too  high. 

Although  every  series  of  atomic  weight  determinations 
must  be  considered  by  itself,  and  weighed  on  its  own  merits, 
it  may  not  be  out  of  place  for  me  just  here  to  point  out  two 
general  sources  of  error  in  addition  to  the  one  we  have  been 
considering.  First,  every  value  after  oxygen,  with  one  or 
two  partial  exceptions,  involves  whatever  error  may  attach 
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to  the  atomic  weight  of  oxygen.  If  the  latter  be  16,  instead 
of  15.9633,  this  error  in  some  instances  becomes  multiplied 
to  a  large  fraction  of  a  unit,  as  the  subjoined  example  will 
show. 

If  O  =  i6,  the  atomic  weight  of  uranium  =;  239.030 

If  o  =  15-9633.        "  "  =  238.482 


I 


Difference 0.548 

Other  similar  errors  are  repeated  continually.  The  value 
assigned  to  any  element  is  necessarily  affected  by  whatever 
errors  may  attach  to  the  atomic  weights  of  tliose  other  ele- 
ments through  whose  medium  it  is  compared  with  the 
standard,  hydrogen.  Thus,  the  atomic  weight  of  carbon 
depends  upon  that  of  oxygen ;  calcium  depends  uj)on  loth 
carbon  and  oxygen ;  and  fluorine,  as  determined  from  (.•al- 
cium  fluoride,  involves  the  foregoing  elements,  together  with 
sulphur,  silver,  and  chlorine.  Since,  however,  some  atomic 
weights  are  affected  by  plus  errors  and  others  by  minus 
errors,  there  is  a  fortunate  tendency  to  compensation  of 
errors  in  cases  like  that  of  fluorine,  and,  in  reality,  better 
results  arc  obtained  than  considerations  such  as  these  would 
lead  us  to  look  for. 

Another  general  source  of  error  is  to  be  found  in  the  fact 
that  some  of  the  weighings  involved  in  our  discussion?  had 
been  reduced  to  absolute  standards,  while  others  wore  merely 
uncorrected  weighings  in  air.  The  errors  thus  introdui.'ed 
into  the  work  are  doubtless  small,  but  still  they  ought  not  to 
be  absolutely  ignored. 

Now,  having  considered  the  larger  classes  of  errors,  w& 
may  properly  pass  on  to  a  comparison  of  our  atoihic  weights 
with  reference  to  Front's  hypothesis.     In  order  to  facilitate 
work,  I  have  tabulated  the  figures  in  two  columns, 
giving  atomic  weights  referred  to  hydrogen  as  unity, 
other  based  u{K)n  the  standard  of  oxygen  as  exactly  sixtee 
Such  iinperfectly  known  elements  as  decipium,  philippi 
Siimarium,  terbium,  and  thulium  are  not  included. 
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TABLE  OF  ATOMIC  WEIGHTS. 


H=i. 

0=16. 

Remarks. 

Aluminom 

27.009,    lb  .003 

27.075 

Antimony 

"9-955»    dr  .036 

120.231 

Cooke's  and  Schneider's  data. 

Arsenic 

74.918,    d=  .016 

75.090 

t 

Barium 

>36.763.    dfc  .031 

137.007 

Bismuth 

207.523,    zt  .082 

208.001 

From  Schneider's  data. 

Boron 

10.941,    zt  .023 

10.966 

Bromine  ... 

79.768,    zh  .019 

79.951 

Cadmium... 

1 1 1.835,    ±   024 

112.092 

Caesium 

132.583,    db  .024 

132.918 

Calcium 

39.990,    dt  .010 

40.082 

Carbon 

I '-9736,  d£z  .0028 

12.001 1 

Cerium .... 

140.424,    zt  .017 

140.747 

Buehrig's  data  give  141.523. 
(0=  16.) 

Chlorine ... 

35-370,    d=.oi4 

35.451 

Chromium 

52.009,    ±  .025 
58.887,    d=  .008 

52.129 

From  Siewert's  data. 

Cobalt 

59.023 

Columbium 

93.812 

94.027 

From  one  ratio  only. 

Copper 

63'>73.    ±   o" 

63.3'8 

Didymium 

144-573.    ±  •03> 

144.906 

Cleve's  data  give  147.021. 
(SO,  —  80.) 

Erbium 

165.891 

166.273 

From  Cleve's  data  only. 

Fluorine 

18.984,    zh  .0065 

19.027 

» 

Gallium.-.. 

68.854 

68.963 

Imperfectly  determined. 

Gludnum  ..r— 

9085,    zh  .0055 

9.106 

•Nilson  and  Pettersson's  data. 

Gold w,- 

196.155.    dt  .095 

196.606 

Hydrogen 

I.OOOO 

1.0023 

Indium 

113-398.    ±  .047 

"3.659 

Iodine  .... 

126.557,     zt  .022 

126.848 

Iridium 

192-651,     db  .033 

"93.094 

Seubert's  data. 

Iron .— . 

55-9»3.    ±  -012 

56.042 

Lanthanum 

138.526,    dfc  .030 

138.844 

Trad 

206.471,    ±  .021 

206.946 

Lithium.  .. 

7.0073,  :±:  .007 

7.0235 

Magnesium 

23.959.     =ir.005 

24.014 

Marchand  and  Scheerer's  data. 

Manganese 

53.906,     zi=  .012 

54.029 

Schneider  and  Rawack's  data. 

Mcrcuiv 

Molybdenum  .. 

199.712,     db  .042 

200.171 

95527.     dr  .051 

95-747 

Nickel 

57.928,     d=  .022 

58.062 

Schneider,  Sommaruga,  and 
Lee. 

Nitrogen 

14.0210,  zh  .0035 

14.029 

Osmium ... 

198.494 

198.951 

Very  doubtful. 

Orygen 

Pulaidium 

15-9633.  ±  -0035 

16.000 

105.737 

105.981 

Badly  determined. 

Phosphorus 

30.958,    dr  .007 

31.029 

Platinum 

194.415.    ±  -049 

194.867 

Seubert's  data. 

Potassium 

39.019.    dr  .012 

39.«09 

• 

Rhodium 

104.055 

104. 2S5 

Badly  determined. 

Rubidium 

85.251,    d:  .018 

85.529 

Ruthenium 

104.217 

104.457 

Badly  determined. 

Scandium 

43980,    dr  .015 

44.081 

Selenium . 

78.797.    ±.OII 

78.978 

266 
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TABLE  OF  ATOMIC  WEIGHTS— Continued. 


H-=:I. 

0—  16. 

Remarks. 

Silicon 

28.195,      db  .066 

28.260 

Very  badly  determined. 

Silver — 

107.675,      -»-  .0006 

107.02^  ■ 

Sodium 

22.998,    d:  .Oil 

23.051 

Strontium 

87.374.    =b.032 

87.575 

Sulphur 

31.984,     db  .012 

32.058 

Tantalum 

182.144,    dr  4I66 

182.562 

Tellurium 

127.960,    ±  .034 

128.254 

Imperfectly  determined. 

Thallium 

203.715,    =b  .0365 

204.183 

Ciookes'  data. 

Thorium 

233-4I4,    =4=  .073 

233-951 

Tin 

117.698,    zh  .040 

117.968 

Titanium 

49.846,    zt  .064 

49.961 

Imperfectly  determined. 

Tungsten 

183.610,    db  .032 

184.032 

Uranium 

238.482,    -^-  .082 

239.030 

Vanadium 

51.256,    dr  .024 

51.373 

Ytterbium 

172.761,    d:  .038 

173.158 

If  SO3  —  80.  Yb  —  173.016. 

Yttrium 

89.816,    =fc  .067 

90.023 

Doubtful. 

Zinc 

64.9045,  ±  .019 

65.054 

Axel  Erdmann's  dati. 

Zirconium  - 

89.367,    dr  .037 

89.573 

Doubtful. 

At  the  close  of  his  admirable  paper  on  the  atomic  weight 
of  aluminum  Mallet  makes  substantially  the  following  ar- 
gument in  favor  of  Front's  hypothesis.  Citing  the  atomic 
weights  of  eighteen  elements  which  he  considers  well  deter- 
mined, he  shows  that  ten  of  them  have  values  falling  within 
one-t€ntli  of  a  unit  of  whole  numbers.  Now,  what  is  the 
mathematical  probability  that  this  close  approximation  to 
conformity,  with  Front's  law,  in  ten  cases  out  of  eighteen,  is 
purely  accidental,  as  those  chemists  who  reject  the  hypoth- 
esis seem  to  hold  ?  Working  this  problem  out,  Mallet  finds 
the  probability  in  favor  of  mere  coincidence  to  be  in  the 
ratio  of  1  :  1097.8,  and  hence  he  concludes  that  Prout's 
views  are  still  worthyof  respectful  consideration. 

Applying  Mallet's  reasoning  to  the  table  of  atomic  weights 
now  before  us,  we  find  that  in  the  first  column,  when  H  =  1, 
twenty-five  elements  out  of  sixty-six  have  values  fiEdling 
within  the  limits  of  one-tenth  of  a  unit  variation  from  whole 
numbers.  .  But  many  of  the  figures  which  fall  without  this 
limit  involve  the  variation  of  oxygen  multiplied  many  times 
over.  ■  We  must  therefore  study  the  second  column,  which 
assumes  that  the  atomic  weight  of  oxygen  is  exactly 
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teen.  Here  we  have  forty  elements  falling  within  the  limit 
of  variation  assigned  by  Mallet,  and  twenty-six  falling 
'without.  The  variations  we  may  property  study  in  some 
detail. 

Taking  first  the  elements  whose  atomic  weights  vary  from 
even  multiples  of  unity  by  less  than  a  tenth  of  a  unit,  we 
have  to  consider  the  following :  aluminum,  arsenic,  barium, 
bismuth,  boron,  bromine,  cadmiiTm,  coesium,  calcium,  carbon, 
cobalt,  columbium,  didymium,  fluorine,  gallium,  hydrogen, 
iridium,  iron,  lead,  lithium,  magnesium,  manganese,  nickel 
nitrogen,  osmium,  oxygen,  palladium,  phosphorus,  scan- 
dium, selenium,  silver,  sodium,  sulphur,  thorium,  tin,  tita- 
nium, tungsten,  uranium,  yttrium,  and  zinc.  Of  these, 
aluminum,  arsenic,  barium,  bismuth,  cadmium,  calcium, 
carbon,  cobalt,  columbium,  fluorine,  hydrogen,  iridium,  iron, 
lithium,  magnesium,  manganese,  nickel,  nitrogen,  phos- 
phorus, scandium,  sodium,  sulphur,  tungsten,  uranium, 
yttrium,  and  zinc  have  plus  variations,  while  boron,  bro- 
mine, caesium,  didymium,  gallium,  lead,  osmium,  palla- 
dium, selenium,  silver,  thorium,  tin,  and  titanium  fall 
slightly  under  the  units  to  which  they  approximate.  Oxy- 
gen, as  the  standard  of  comparison,  of  course  shows  here 
no  variation,  its  possible  error  having  been  transferred  to 
hydrogen. 

Of  the  foregoing  elements  it  will  be  seen  that  twenty-six 
have  plus  variations  from  whole  numbers,  while  thirteen 
are  minus.  Among  the  latter,  boron,  gallium,  osmium,  pal- 
ladium, thorium,  and  titanium  have  been  but  roughly  deter- 
mined. Bromine,  by  Dumas'  correction,  has  its  variation 
diminished.  In  the  cases  of  lead,  caesium,  selenium,  and 
tin,  the  cause  of  variation,  supposing  one  to  exist,  remains 
to  be  determined.  The  value  for  osmium  is  undoubtedly 
several  units  too  high,  so  that  its  agreement  with  Front's 
law  may  be  considered  purely  accidental.  As  for  didym- 
'  ium,  the  figure  assigned  is  the  mean  of  all  determinations ; 
whereas  Cleve's  data,  calculated  with  SO,  =  80,  make  Di  = 
147.021,  a  variation  which,  like  most  of  the  others,  is  far 
within  the  limits  of  ordinary  experimental  error.     In  the 
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case  of  silver  it  has  already  been  shown  that  Dumas'  co^ 
rection  is  unfavorable  to  it  considered  in  its  bearings  upon 
Front's  law.  Silver  is  the  only  element  among  those  haviiig 
minus  variations  which  could  carry  very  much  weight 
against  the  hypothesis. 

Among  the  elements  whose  variations  are  plus,  colum- 
bium,  uranium,  and  yttrium  have  been  poorly  determined. 
Yttrium  especially  may  be  considered  doubtful.  The  atomic 
weights  of  aluminum,  arsenic,  barium,  cadmium,  lithium, 
phosphorus,  and  sodium  involve  Dumas'  correction  to  a 
greater  or  less  extent,  and  will  be  lowered  by  its  application, 
that  is,  brought  nearer  to  whole  numbers.  For  aluminum, 
certain  other  causes  for  variation  were  pointed  out  in  the 
chapter  upon  that  metal;  and  it  maj^  be  noted  that  the 
direct  ratio  between  it  and  hydrogen  gives  Al  =  27.993^ 
±.  .007.  Here  the  variation  is  less  than  the  probable  error. 
For  calcium,  and  consequently  for  fluorine  also,  sources  of 
plus  error  were  indicated  in  the  discussion  of  their  respective 
atomic  weights,  and  reiteration  here  is  unnecessary.  Cobalt, 
iridium,  iron,  nickel,  and  tungsten  all  involve  such  errors 
as  may  arise  from  the  possible  occlusion  of  hydrogen  by  the 
metals  after  reduction  from  their  compounds.  For  s^can- 
dium,  the  atomic  weight,  calculated  with  SO3  =  SO,  becomes 
44.032,  a  variation  much  within  the  limits  of  experimental 
error.  For  carbon  and  bismuth  the  variations  are  insignifi- 
cant. In  short,  in  the  majority  of  instiinces  the  errors  may 
be  diminished  by  corrections  wliich  arc  in  all  prol^ability 
needed,  and  whicli  can  bo  easily  j)ointed  out.  The  more 
carefully  we  scrutinize  the  data  the  more  jirobable  Prout's 
hypothesis  appears. 

Among  the  twenty-six  elements  whose  atomic  weights  are 
removed  by  more  than  a  tenth  of  a  unit  from  whole  num- 
bers, chlorine,  rubidium,  and  strontium  have  values  nearly 
half  multiples  of  that  of  hydrogen,  and  in  each  case  Dumas' 
correction  will  make  the  ap[>roximation  still  closer.  Erbium* 
gold,  indium,  lanthanum,  rhodium,  ruthenium,  silicon, and 
zirconium  may  be  dismissed  from  consideration  as  too  iiD- 
perfectly  determined  to  carry  much  weight  in  the  present 
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discussion.  For  chromium,  copper,  molybdenum,  and  vana- 
dium I  have  no  criticisms  tu  offer ;  but  the  remaining  ele- 
ments may  be  considered  individually. 

The  value  assigned  to  antimony,  120.231,  is  the  general 
mean  of  Cooke's  and  Schneider's  work  upon  the  bromide, 
iodide,  and  sulphide.  If  Ag  =  108,  Br  =  80,  and  I  =  127, 
Cooke's  data  for  the  bromide  and  iodide  give  the  following 
values  for  Sb,  all  of  which  fall  within  a  tenth  of  a  unit  of 
the  whole  number  120 : 


Early  brumiile  n 

Lftte 

Iodide  scries.. 


Sb  =  119,90) 

— ■*   =  110.009 

'•   =  119.973 


In  the  case  of  cerium,  the  value  assigned  in  the  table  ia 
the  general  mean  of  all  reputable  determinations.  But  it  ia 
subject  to  doubt  on  account  of  tlie  facts  observed  by  Wolf 
and  by  Wing,  whose  ceroso-ceric  oxide  was  white,  whCe 
that  of  all  other  observers  was  yellowish.  Wolf's  and 
Wing's  data,  calculated  with  O  =  16,  give  Ce  =  138.030. 
Cerium,  then,  ia  not  an  estahlished  exception  to  Prout's  law. 

Glucinum  and  j*tterbium  have  their  atomic  weights  cal- 
culated from  analyses  of  the  sulphates.  But  if  Prout's  law 
is  true,  SO,  =  80.  Calculated  with  this  hgure,  we  have 
GI  =  9.096  and  Yb  =  173.016.  Both  elements  thus  fall 
within  reasonable  limits  of  variation  from  the  iiypotheticffl 
values. 

Iodine  is  one  of  the  most  important  seeming  exceptions. 
If  we  assume  Ag  =  108,  and  calculate  the  atomic  weight  of 
iodine  only  from  the  direct  ratio  between  iodine  and  silver, 
we  have,  with  Dumas'  correction  applied,  I  =  126.966; 
that  is,  it  coraes  witliiii  one-tenth  of  a  unit  of  the  whole 
uamber  127. 

The  atomic  weight  of  mercury  depends  upon  analyses  of 
the  chloride,  oxide,  and  sulphide.  Of  tJiese  three  com- 
pounds the  purity  of  the  chloride  is  most  easily  assured. 
Calculated  from  its  composition,  with  CI  ^  35.5,  Hg  = 
199.971,  With  so  high  an  atomic  weight  small  errors  are 
easily  multiplied. 
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For  the  atomic  weight  of  platinum  Seubert's  data  give 
five  values,  ranging  both  above  and  below  the  round  number 
195.  Calculated  with  integer  values  for  the  other  elements, 
three  of  these  figures  fall  very  close  to  195,  as  follows : 

From  per  cent.  Pt  in  (NH;),Pia, R  =  194-906 

KjPlCl, "  =  194933 

From  chlorine  estimation  in  K,RC1^.-  "  =  194.955 

Potassium  is  the  most  serious  exception  of  all.  But  if 
0  =  16  and  Dumas'  correction  be  applied,  the  general  mean 
from  all  the  available  data  becomes  K  =  39.083.  That  is. 
potassium  falls  within  the  limit  of  0.1  variation. 

The  atomic  weight  assigned  to  tantalum  is  the  mean  of 
four  values.  Two  of  these,  recalculated  with  integers,  come 
out  as  follows : 

From  per  cent.  K^SO^  in  K^TaF^ Ta  =  181.912 

•«  Ta,Oj  from  (NH,),TaF, "    =  1S2.020 

For  tellurium  I  need  only  call  attention  to  the  discrepan- 
cies between  the  several  sets  of  determinations  made  bv 
Wills.  A  reference  to  the  cha[>ter  on  tellurium  will  show 
that  his  figures  give  results  ranging  from  Te  =  12«).07  10 
Te  =  129.34.  The  mean  value  is  therefore  too  much  sub- 
ject to  doubt  to  carry  weight  as  an  exception. 

As  for  thallium,  the  last  case  to  be  considered,  1  have 
alreadv  shown  that  Crookes'  data,  recalculated  with  intirirer 
values  for  X  and  0,  give  Tl  =  204.00S.  That  is,  instead  of 
an  exception,  we  have  here  an  admirable  instance  in  sup- 
port of  Front's  liypothesis. 

Enough  has  been  said  in  this  brief  resume  to  show  that 
none  of  the  seeming  exceptions  to  Front's  law  are  inexpli* 
cable.  Some  of  them,  indeed,  carefully  investigated,  sup- 
port it  strongly.  In  short,  admitting  half  multiples  as 
legitimate,  it  is  more  probable  that  the  few  apparent  excep- 
tions are  due  to  undetectetl  constant  errors,  than  that  the 
great  number  of  close  agreements  should  be  merely  acci- 
dental.   I  began  this  recalculation  of  the  atomic  weights 
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*with  a  strong  prejudice  against  Prout's  hypothesis,  but  the 
fieu^ts  as  they  came  before  me  have  forced  me  to  give  it  a 
very  respectful  consideration.  All  chemists  must  at  least 
admit  that  the  strife  over  it  is  not  yet  ended,  and  that  its 
opponents  cannot  thus  far  claim  a  perfect  victory. 
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chloride 84 

Brauner 96 
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Brucia  cobalticyanide 1 73 
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Buehrig 226 
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Bunsen 90,  91,  92,  220,  242,  244 

Bunsen  and  Jegel 223 
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bromide 112 

chloride 112 

oxalate 112 

sulphate iii 

sulphide ill 
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chloride 91 

Calcium 67 

carbonate —     67 

and  calcium  sulphate.     69 

chloride — 70 

fluoride 78 
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sulphate 69,  70 
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Carbon 50 
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monoxide 55 
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Cerium 221,  269 

chloride 221 
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sulphide 222 

Chlorine 9 

Choubine 229 
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chloride 124 

sulphate 120 

Chydenius 214 

Clark 2 

Claus 259 
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Cleve  and  Hoeglund 242 

Cobalt _ 164 

chloride _ 166,  167 

oxalate 166,  168 

sulphate 1O6 
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of  strychnia ^^  174 

Columbic  acid 247 
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Crookes 95 
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Davy 6,  7S.  127 
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Dexter 190 
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Faget 12 

Favre X09 

Ferric  chloride 134 

oxide 131 

Ferrotis  chloride 134 

tungstate . 147 

Fluorine _— — 78 

Fluorspar ^ 78 

Fourcroy  — .«— . 6 

Frcmy   254 


Gallium . 218 
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oxide . . 219 
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GeDth 226 

Gerhardt 11 

Glucinum 96,  269 

and  ammonium  oxalate 98 

sulphate. -.—     97 

Gmclin 87 

Godeffroy 90,91 
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and  cobalt - .   172 

indium . 220 

mercury 162 

nickel 172 

phosphorus 163 
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Hagen 87 

Hampe 136 

Hauer iii,  128,  180 

Hebberling 93 

Hennann,  87,  212,  216,  222,  233,  238, 
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Hilgard 158 

Hoeglund 242,  244 

Holmium 246 

Holzmann 231 

Hnmpidge 96,245 

Humpidge  and  Bumey 245 

Hontington 112 

Hydrogen.— 1.  3,  6,  7 
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Iodine 9,  269 

and  silver 25 

Iridium 254 

Iron 131 

chlorides . 134 

oxide '131 

tungstate 147 

Isnard 156 
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Jacquelain 82,  loi,  108,  1 18 

Jegel —  223 

Johnson  and  Allen 91 


Kemp 140 

Kessler 122,  187,  189,  191,  199 

I   Kirwan 6 
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Lagerhjelm 202 

Lamy 93 

Lanthanum 229 

carbonate 233 

iodate 232 

magnesium  nitrate 232 

oxiUate - ...  231 

oxide . ..  232 

sulphate 229 

I^urent 9,  84 

Lavoisier 6,  39 

Lead 72 

chloride 74 

chromate 118 

fluoride 80 

nitrate 75 

and  lead  oxide 76 

and  lead  sulphate 74 

oxide 72 

-rf^nd  lead  sulphate 74 

sulphate 72 

and  lead  fluoride 80 

and  lead  nitrate 74 

and  lead  oxide ,  74 

Le  Conte —  7,40 

Lee 172 

Lefoit 121 

Lenssen . 112 

Liebig 21,51 

Liebig  and  Redtenbacher 5 1 

Liechti  and  Kemp 140 

Lithium 87 

carbonate 87 
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Lithium  chloride 87,  89 

nitrate 89 

sulphate .. 88 

Loewig 21 

Longcharop ,.— «— , 72 

Louyet 78,79 


Macdonnell . . 100 

Magnesite «  103 

Magnesium 100 

carbonate —  103 

chloride 106 

lanthanum  nitrate 232 

oxalate 102 

oxide loi 

sulphate 100 

uranate 151 

Malaguti 143 
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Manganese 127 

chloride 128 

dioxide 131 

oxalate . 130 

sulphate 128 

sulphide —  128 
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Marchand  and  Scheerer 103 
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Mercury 114,  269 
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oxide 11$ 

selenide 177 

sulphide 116 

Meyer.  Lothar 96,  140 

Millon 24,  xi6,  135 

and  Commaillc ^,_„   135 

Mitscherlich  and  Nitzsch 176 

Moberg 120 

Molybdenum 137 

Ciiloridcs 140 

sulphide 137 

trioxide 137 

Mosandcr 208,  229,  236 

Mulder  and  Vlaandcrcn 205 
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Nickel 164 
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Nickel  oxalate 165, 166 

oxide 164,  168 

potassium  sulphate 170 

sulphate...... 165.  166 

Nilson 96,  99,  240,  244 

and  Pettersson 96.  99 

Niobium.     See  Columbium 247 

Nitrogen . 39 

Nitzsch « 176 

Nordenfeldt . 102 

Norlin . .. ... 131 
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Pettersson 96,  99.  17S 
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Phosphorus .... ..... 
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trichloride 

Piccard  _j 
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Platinum 249,  270 

dichloride 249 

Popp 241 

Potassium 9,  270 

anhydrochromate 123,  187 

and  tartar  emetic 194 

aurichloride 162 

bromate ....     21 

bromide 23 

chlorate 10 

and  aisenious  oxide 187 

and  potassium  nitrate.    47 

chloride  and  gold 162 

iridium -— ..  256 

Oimium — ...  254 

palladium ...  257 

platinum . 250 

potassium  nitrate.    46 

rhodium ......  359 

ruthenium  -  950 

silver ---.     18 

silver  chloride...    19 
silver  nitnte 44 
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Potassium  fluoxycolumbate 247 

iodate^..^ .— ^     24 

iridichloride 2^4,  255 

nitrate  and  potassium  chlo- 
rate      47 

nitrate  and  potassium  chlo- 
ride   .     46 

osmichloride 254 

palladichloride ..^ .  257 

palladiochloride 257 

perchlorate ^ 1 1 
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rhodiochloride 258 

rutheniochloride 259 

sulphate  and  potassium  fluo- 
ride       70 

and  potassium  tantalo- 

fluoride 248 

and  thoria 214 

and  zirconia 213 

tantaloflttoride 248 

tartrantimonite 194 

zircofluoride 213 

Plrout*s  hypothesis  .. 261 

Purpureo-oobalt  chloride....  171,  174 


Quintus  Icilius ^ .. 257 


Rammelsberg,  142,  151,  224,  229,  247 

Rawack , 129 

Redtenbacher 51 

Repnault 6,  39,  150 

Reich  and  Richter 219 

R«3molds .. 96 

Rhodium 258 

Riche 146 

Richter ...^ 219 

Rivot      .^ 133 

Roscoe 146,  i8j 

Rose  ..._ 190,  207,  247,  248 

Rochhofi 164 

Rnbidium . 90 

chloride 90 

Russell 168,  169 

Ruthenium . . 259 


Sacc 176 

Salveut 57,  64,  67 

Samarium 246 

Scandium  . 240 

oxide .^ 240 

sulphate 240 

^ 100,  loi,  103.  105 


Scheiblcr 147 

Schiel .     86 

Schlippc's  salt 195 

Schneider,  129, 144, 165,  166, 171, 189. 
199,  200,  203 

SchrOtter 82 

SefetrOm 1.  114 

Sep[uin 6 

Selenium . 176 

chloride ^^ 176,  178 

dioxide 176,  179 

Scubcrt 251,  255 

Siewert 124 

Silicon 85 

chloride 85 

dioxide 85 

Silver * 9 

and  aluminum  bromide 160 

chloride 157 

ammonium  chloride 40 

antimony 202 

bromide 200 

chloride 191 

arsenious  bromide 1 87 

chloride 186 

barium  chloride 57 

bismuth  chloride 204 

cadmium  bromide 113 

chloride 112 

calcium  chloride 70 

cobalt  chloride 168 

ferric  chloride.. ..  134 

ferrous  chloride 134 

lead  chloride 74 

lithium  chloride 89 

magnesium  chloride..  106 

manganese  chloride 128 

nickel  chloride 168 

phosphorus  trichloride,    83 

potassium  bromide 23 

chloride 18 

iodide — .     25 

silicon  chlpride 85 

silver  nitrate 41 

sodium  chloride 32 

strontium  chloride 64 

tin  tetrachloride 206 

titanium  chloride 208 

vanadium  oxy  chloride,  184 

occlusion  of  oxygen  by 262 

acetate 51,  53 

anhydrochromate 119,  125 

bromate . 21 

bromide 22 

and  antimony  bromide  198 

and  boron  bromide 84 

and  cadmium  bromide,  112 

and  silver  chloride 21 

and  tellurium  potassi- 
um bromide,  180;  181 
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Silver  chlorate 14 

chloride 14 

and  ammonium  platin- 
chloride 252 

and  antimony  chloride, 

194,  197 
and  barium  chloride..     60 

and  boron  chloride 84 

and  ceroso-ceric  oxide,  221 
and  chromic  chloride.  124 
and  didymium  oxide.  237 
and  lithium  chloride..  87 
and  manganese  chlo- 
ride  128 

and  molybdenum  chlo- 
rides  141 

and  potassium      chlo- 
ride       19 

and  pota<^ium  platin- 

chloride 253 

and  rubidium  chloride,    90 

and  silicon  chloride 86 

and  silver  bromide 21 

chromate 119 

iodide 27 

nitrate 43 

sulphide 31 

tungstate 149 

and  thallium  chloride, 

93»94 
and  titanium  chloride,  207 

dioxide.  207,  210 
and  vanadium  oxychlo- 

ridc 185 

chromate 119 

iodate 24 

iodide 25 

and  antimony  iodide..   199 

and  silver  chloride 27 

and  thallium  iodide..     94 

malatc 52 

nitrate 41 

and  potassium  chloride,    44 

and  silver  chloride 43 

oxalate 53 

permanganate 131 

racemate 51 

sclenite 178 

sulphate 30 

sulphide 28 

and  silver  chloride 31 

tartrate 51 

tungstate 149 

Sodio-uranic  acetate 151,  153 

Sodium 9,  31 

chlorate 32 

chloride 32 

columbate - 247 

fluoride . 70 

rhodiochloride 258 


'  Sodium  susulphantimonite ..   195 

uranate 155 

Sommaruga 170 

Soret's  earth  X 246 

Slas,  13,  14,  16,  18,  21,  22,  23,  24.  25, 
26,  28,  30,  32,  38,  40.  41,  42,  43» 
44,  46,  48,  54,  55,  73,  75,  89 

Stibnite 189,200 

Stromeyer 64,87,  iii,  131 

Strontium 64 

chloride  and  silver . 64 

and  strontium  sulphate,   66 

Struve-.-l 30,  31,  61,  137 

Strychnia  cobalticyanide  .. 174 

nickelocyanide ...^ 173 

Sulphur 9,  27 

Svanberg,..3i,  76,  102,  116,  131,  137. 

and  Nordenfeldt 102 

and  Norlin 131 

and  Struve 31,  137 
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Tantalum 248,  270 

oxide .... 24S 

Tartar  emetic 194 

Tellurium ^^ 180.  270 

dioxide 180,  iSi 

potassium  bromide 180,  181 

Terbium 246 

Terreil 157 

Thal^n 246 

Thallium 93 

chloride 93 

iodide «- 94 

nitrate 95 

sulphate 93 

Thomsen 8 

Thomson 6,  39 

Thorium . 214 

acetate «. 215 

formate . . 215 

oxalate.- _ 215,  217 

oxide 214 

sulphate 214.  215,  217 

Thulium 246 

Tin... 204 

dioxide « 205 

tetrachloride _.  206 

Tissier 1^6 

Titanium, 207 

ammoniochloride 210 

chloride --207,  209,210 

dioxide.. 207,208 

sulphide ao7 

Troost 88,248 

Tungsten . .. |^j 

oxides -^  «...,«_   143 

Tumer..i5,  60,  61,  73,  114,  115,  n^ 
127 
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Ungcr 195 

Unnitim 150 

acetate 153 

oxalate 152 

oxides 151 

sulphate 151 

tetrabromide 150 

tetrachloride 150,  151 

V. 

Vanadium 183 

oxides 183 

oxychloride 184 

Vauquelin 6 

Vlaanderen . 205 

W. 

Wackenroder 131 

Walbce 21,  186 

Weber 190 

Weeren . 97 

Wcfthcim 153 

Weselsky 172 

Wildenstein. 122 

Wills 181 

Wing .— -- ^_™.— — . 226 


Winkler 171,219 

Wolf - 224 

Wrede - 6 

Z. 

X,  Soret's  earth 246 

Y. 

Ytterbium 243,  269 

oxide 243 

sulphate 243 

Yttrium 241 

oxide 241 

sulphate 241 

Z. 

Zettnow 147 

Zimmermann 150 

Zinc 108 

oxalate ^ 109 

oxide 108 

Zirconium ^ 212 

chloride 212 

dioxide ^ 212 

potassium  fluoride . 212 

sulphate 212 

Zschiesche ^ .^ 233,238 
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430  laii 

6161871 
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8  'l87r 

J. 
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; 

6  |l87l      .S5 
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1 
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Cirenlnr     KeUllT*    to    Thoniep. 

M.C.^ 

i 
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2Sfl 

Eur;,  JoMph 

CiM0l»r  ReltUve  lo  Helglii*, 

M.C.I, 

1 

im 

ft< 

3;i7 

H.iirT,  JoHpb 

CinalHr   ftaluirs  la   Ligbtninr 
rod,, 

U.C.X, 

i 

l»Tl 

bi 

33a 

RhMt,  Wm.  I. 

Lift  of  AmtriiM   Librarlti,  ud 
Publio  IiuLiUitioni, 

H.  C.  z. 

Sid 

tan 

&< 

az9 

^tkiMH,  Wm. 

MoDidii«k, 

S.C.  XTUI, 

»6 

UT) 

u 

wo 

Bwnarl,  J.  0. 

Problemi  of  Roluj  Hution, 

B.  0.  WI. 

M 

1871 

Ml 

WMd,  H.  0. 

Pr<»b. V*t*r  Alca  of  N.  Ameriei, 

8.C.XUC, 

371 

I8T1 

TJ 

142 

Olark,  H. ;. 

L»cer»«i.>. 

B.  0.  «i;. 

138 

1871 

IJ 

S43 

Builhioiiian  InXllutlgn, 

ILO-x, 

to 

ua 

2U 

Sm. 

m 

1«7I 

M 

CbMk  U<t  of  8niiIb»iilBi  pDbU- 
cmlioDi  to  Jul;,  IBri, 

M.C.x, 

31 

\»n 

U« 

6.  C.  iTiu, 

«« 

isn 

*47 

Qill.  Tli«6d. 

Li,(  nf  F»iniU«t  of  Fi.be^ 

H.  C.  XI, 

»« 

ISTI 

its 

HUK>rd,  E.  W. 

Qsology  of  Loirer  Luaiiiuii, 

S.C.iiiii, 

JS 

1871 

Hi 

AnouBl    Report    of   SmilbiODlu 
iBalitutioa  for  ISTI, 

Sro. 

473 

isn 

liO 

l«li«n». 

M.C.I, 

013 

IGI) 

£J1 

Ebb,  Ourlei 

M<ni..irgfVa<iM>utiiii, 

R.  1868. 

U 

ini 

2i3 

CBrpBQtw,  P.  P. 

H.Cz, 

4M 

isn 

153 

Trymi,O.W. 

Prmb  VTnUr  SliiUi.     Pnrt  IV, 

«.C.  irt, 

ua 

im 

»t 

Da  Sanlnira,  H. 

M-C.i..', 

dW 

isn 

* 

2SS 

Ctarke,P.W. 

Spwrffle  Oratiij  Table,.     P.tl  I, 

M.C.  XII. 

37» 

i&Ta 

SH 

Lnnr,  H. 

MoDograpb  Dipt*™.     P.rt  HI, 

M.C.ii. 

Ul 

ini 

4 

2SJ 

BBlid,  S.  7. 

Sjsiuoiailo  Lilt  ufPor,  Crrwp. 

M.C.x. 

H 

18T1 

tas 

Tktion,  8. 

BoUDiol  lDd«I, 

X.  0.  XV. 

Ul 

isn 

9 

leo 

JOOM,  Jm. 

Anliqnitiat  of  Tbumum, 

RegDlntioDiofSuiJiii.  lail'n. 

8.  C.  XKU. 

Ul 

if' 

3 

i 

PUBLIGATIONB. 


Mo. 

AuraoB. 

TlTL.. 

8izi 

I||i| 

261 

PMkud,  A.  B. 

HrTing  InwoU. 

M.  0.  II. 

.. 

ISIs'  free 

162  :H»WMlllb,  S. 

Orbit  of  UranDi, 

B,  C.  XIX, 

196 

1873    S.0« 

MJ 

AitroaanlcBl  T.legrem  Ciropl.r.jM.  0.  »ii, 

. 

J 

161 

L«ConU,  I.  L. 

NtirfipMluCalgoptorL    Purtll, 

M.  C.  11, 

T4 

,.n 

S65 

IMonU,  1.  L. 

M.  C.  XI, 

Tl 

8T3 

306 

Woodwwd.J.J. 

Toner  Leolars  I.     Canoeruui  Tu- 

H.  C.  IT, 

.. 

873     .IS 

367 

Swui,  J.  e. 

Jlnldah  Indiaoi, 

S.  C.  XXI, 

11 

1874 

l.0« 

IflS 

Coffin,  J.  E. 

Wind!  of  tlw  Olobo, 

8.  C.  XI, 

781 

mi 

!6D 
171 

B«lMl,BImMB, 

VhuapiinOuuiguulit. 

S.  C.  lilt. 
M.  C.  in, 

8ro. 

94 
324 

ST8 
6TS 
873 

3.00 

ITS 

SnithaoniAD  Conlribulloni, 

S.  C.  XII, 

660 

874 

ITS 

m 

ITS 

UUMlUoaaoa  Coltoolladt, 

If,  0.  XI, 
H.  C.  Ill, 

8to. 

TSS 
78T 

451 

874 
874 

874 

Annunl    Rrmn   nt  Smlthionimii 
iDitltuliuDrorlSTS, 

ST6 

OUrka,  T.  V. 

Speciflfl  Haat  Tnbl.i.     Pari  II, 

«.  0.  IIT, 

870 

.SO 

STr 

8«lMtt,  C.  &. 

S.  C.  ixi. 

390 

870 

3.00 

178 

Check  Liitof  SmitbioDinD  Publi- 
oaliaui, 

H.  C. 

14 

874 

JTB 

IMIMU,  J.  K. 

Toner  Lecture  III,     Tbe  Heart, 

It.  C.  XV. 

82 

874^     .15 

180 

Hormonie.  of  Bol.r  Sjilem. 

S.  C.  XX., 

m 

87i 

1.00 

181 

Hawoomb,  8. 

PIftoetflty  Motion, 

S.  C.  XXI, 

40 

874 

181 

Wood,  H.  0. 

Toner  Leelure  IV.     Blodj  of 
Fever, 

M.  0.  XV, 

60 

876 

.15 

ISt 

Om,Th«od. 

Calalogae  of  Fiihei, 

H.  C.  ziT, 

60 

87S|      .25 

IM 

Siuithionlan  Contribntioni, 

S.  C.  II, 

79* 

87B 

IBS 

S.  C.  Ill, 

H3 

87«' 

sea 

Annul    Report   of    6iiiilluaDl:in 
Inilitntion  for  leTi, 

8to. 

410 

875 

18T 

bo,  Chuloi, 

Arebaologioal    Collaolion,     Nat 
Muieuin, 

8.  0.  XIII. 

118 

870 

100 
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2S8   CUrke,  F.T. 
2GD   CUrks,  I.  W. 


"Ill   Browa-fliqiuiTd, 
lui   Copo,  E.  D. 


Sttl   Siddn,  J.  L., 
I    and  othari, 

3*3  iLawTmee,  Q.  K. 
20n   Oodde,  0.  B. 
397   Oooda,  e.  B. 


800   KMn,W.W. 


SpeclBcanTiljlBblii.  So  pp.  I, 
Tnble^Eipap.bjn»t.  Pl.III. 
r  Smilfaxmiaii  Pablionllou, 
r  Liotgr*  II.     Th*  Drain, 


Nal.     Birt.     Kernalcn    Inland. 

I 


H.  C.i 

11.  C.  1 
Sra.  X 
H.C.I 

JLC.i 

U.C.  I 


Cla»i 

jntlon  of  Anlin*!   B»- 

»•,  elo.    Bull..ld  Hut. 
(UD.,  No    B, 

*1- 

luLiud  f»r  187S, 

Aann 
Idi 

luiinn  for  1870, 

I   T.      CantiaD*d 


J03    atraeti,  Tho».  H.'Smurnl  IVMary  of  H 


VI,   Eaboataaaoai 


301    D»U,Wm.H.       In. 

I  I- 

jiiii   Jordan,  David  8. 

300   Jordan,  David  S- 
SDT    Balid,  8.?. 


Vn,(h  Amer.  IchIhr"l<.(T.  No.  1. 
H,..i.w  ,>f  RKfi«;„u'>'-  N.  Am. 
Fi>l.r>.     Bullalin  uf  Nal.  Uu., 

Nu.fl, 

M.C.x. 

\..rih  Amer  lohlhyokiBj,  Nn.  3 
Nui.'i  on    Cntiiilap,   tc.     Bull 
N-t.  Mu,..  N-.  ID. 

M.  C.  in 

DC  Ibis, 

B.IST^ 

It  I  Sit 

M  I8T7      .!&   . 
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1 

«I  1S» 

I 
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I 

4»  IBT« 

iSi  isn 

TS  1S!T. 

u  mi 
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North  Amcr.  Johlhjolnjtv,  No.  3 
DLMribuUon  gf  Fj.h(."..f  fi.  C- 
0».,  knd  Tbdo.     Bullelin  N»i 
UUMDIO,  Kd.  U, 

M.  C. 
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i8;s 

SOS 

ihe  £n>iita.oDUD  InilUutiuD  1, 
J,u>.  1879, 

M.  C.  IT, 

ISO 

187S 

31  o      :^^«4rd,  I.O. 

tnHrnd  StraolDi*  of  tha  Enrlh, 

B.C,«Ii., 

19 

IS77 

.2i 

Ml- 

^CoUmi,  Bdv.  S. 

[nd«i  CdnloKtiB  of  Booki  Bctnl- 
log  to  NtbulK, 

M.  C.  IIT. 

I2R 

1877 

.»0 
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(Boll.  N.H.,  l-lll.) 

M.  C.  1111, 

.. 

1878 

51 S 

:^B«CTi,B.m, 

Flan  of  St.  Croix  and  TjrErn  T>- 
Und*.  Bull.  N.L  Mui..  No.  1.1. 

M.  C. 

.„ 

1879 

3U 

leoLioni. 

iMtlODt. 

M.  C.  XIV, 
M.  C.  XV, 

VII 

880 

1878 
1378 

'■' 

CiiriilRr  )n  Rrhmn  to  Amerlrnn 

M.  C.  IT, 

15 

167B 

fro. 

tI7 

^aiiot,D.o. 

C1»>iBr>ilinn     and     SyoDpiU    o 
Tr«obilid«, 

S.  C,  mil, 

289 

1879 

i.oo 

M 

***U,W».K. 

1tomain>  -f  Mnn  ftgo.  C«»M  ii 
Al,uil>n  I>l.nd.. 

S.O.XXK, 

44 

1878 

I.OO 

119 

***rd.8.r. 

Circular,     InqulHs.    HclnllM    1. 

M.  C.  XT, 

g 

1878 

frM 

3!l) 

**to*.«.r. 

drfular  I>diilln;to  CoIIudUoiu  u 
LiviDg  Htptilsi, 

M.  C.  IT, 

J 

187S 

frM 

j 

Toner  LMtan,  TIL      Inflnisa»- 

•^ '"'"""■  """""""■■ 

ttetloDi. 

Aniiti>l  RfportofthaSmilbtoiiUn 
latUtuaonfoTlSTT, 

M.C.XTr, 

U.  0.  ITI, 

U 

aoo 

1879 
18B« 
1878 

.15 

Z ' 

CiraiilmrTclHllvelo  Rcianliflc  and 
Lileru;  Emlisugci, 

it.  C.  avi, 

! 

1879 

frM 

Circulnr.    TtiiFinc»  Amngemanlf 
or  lb«  SmidiwiimD  InitUuIion, 

M.  C.  xvr. 

J 

87B 

tn. 

■"l 

»^^,.._. 

CsMlofuo  or  ColLetinn  or  Anltniil 
lt«Kuro«».ildFi.hcriMOfl',S. 
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M.C. 

n«: 

s:v 

LIST  OF  BHITHBONIAIt  PnBLI0ATIOIf& 


3!T   Bmithson,  Junei,  £ 
3iS   Bheu.  Wm.  J-     ^E 


I»    ShBM,  Wm.  J. 


330  Eheei,  Vm.  I. 

331  Ba«,ChulM, 


S34   ElUot,  D.  0. 
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S36  jBheM,  Vm.  I. 


tta  Walliag,  3.  C. 
330  'l^lor,  Wm.B. 


341   KnmlisD.  L, 


343   Hsnrf ,  Joieph, 


SmltbioBikn  Imlitatlon.    Jaw- 

'     Mil  of  Boird  of  RegeaU 
Report)  of  XJomisiltBea, 

SmilhioB  and  hli  Btqnwt, 

Tb«  Palenqaa  Tablat, 


H.  0.  z 
H.  0. 1 

'  II.  C.  z< 


ifPriuelpalABarlMUtLtbr*- 

),  MiuauDis,  Sosiitiit,  Mo., 

SmHbtoalvi  MibmUumu  Ool.! 
I  Ian  HiiotlluKHU  Ool- 
1   Otiftrnctar  af  JM«{di 

Th«    Bcinalifia  Waik  of  Joo 
Caolribattoai 


I,    1M1STB      .TS 
I,  lOII.lSTg    S.M 


8SI 18T9  1.00 

TSIBTO  ,.TS 

nwn  1.00 

Sm'iBTV  1.00 

I  I 

SNIBSO  1-00 


1118T9 

tian  fi 


K.O.zTnt, 
M.O. 

u.  c. 


Anna  B I    Itrpar 
Inatllutiou  fc 

CootribulioD!  lo  Naturnl  Htitnrj. 
ofAieiio  Amrrieu.  BnDetin  of 
the  Nulionsl  Mutrnm,  No.  It, 

AddiibI  RepDtU  of  Boo.  of  B.  I., 

'"16-77, 


S.  C.  3 


J 

i,:iOU'lS80 
'  811 18M 

I    I 

1. ;   soiBso 

!   t 

LI. '  lU  18S9 

i 

II,'  M4  ISBO 
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I 
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I 
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I,   l«t8T»  (r— 
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Title. 

Sanaa. 

lUii 

bilrd,  8.  F. 

F[ib<i  of  N.W  imntj  Coart. 

S. Igst, 

.ors..\ 

Vkriag.  0.  K. 

Tnner  Lec!t>r<  VHI.     BanlUt? 

M.C. 

1 

«.888     .« 

' 

MapofStan.    (ForAnreraoba,) 

• 

tI8S8 

»" 

|Co«pw.  J.  0. 

FoT.al«  of  North  Amerisa, 

a.  Kbi. 

38  1BBS 

rWUtn»y.  W.  D. 

LMtnruon  LiigaliUu, 

Km^ 

33  1881  fra* 

Behott,  C.  A. 

Tubloiof  Rain  Fall,  (3d  odltion) . 

B.C. 

SeVlSBl'  3.08 

Salmumr,  M. 

EHI17  on  Volaol^  «f  Light, 

B.  ia»i. 

31  188f  ttm 

•W«tli«rill,0.1t. 

Oiona  and  Anlaiona. 

R.18M. 

IS  1884 

UamorialotJcwpbHanrj, 

M.  C.  XII, 

633  1880  fraa 

■WM*.  H.  0. 

8.C.XX.11, 

3M  18TS.  3.6) 

BMkn,  0.  J. 

Alomlo  WelKhla.     Oonrtaati  of 
Nalor.,     Pnrt  IV, 

U.  C. 

i 

161|1880    1,00 

PliDiipbBTfl  of  th*  HMmni, 

• 

1 

1884  ffM 

.DtiOT,  E. 

PalaBltfi.    or    Laaaitriaa    Coo- 

■  tiaeKoDi, 

R.  1888, 

M 

lB«t 

^-,«,.. 

Aborlglnn  orflallArnla, 

B.  1843-4, 

41 

18*S 

Bu,  ClurlM, 

ArliflcUl  Bb«II  I>*paalt<  to  New 

R.1BS1, 

« 

1886 

l.wi.,  Jaaei, 

lD>triKt<OD«  roFMllMtlBg  Land 
und  Fr»ih  WaUt  6b«lli, 

H.  ISM, 

8 

188« 

I^M 

lilljgborB,  W. 

ClM.iflMUoi.ofBlrdi, 

R.  ISS&, 

18  1888 

tiM 

Hon.    Hardlstj, 
1    lanei,  Oibb*. 

Tianth  or  Cbipewjao  Indiaoa, 

K.  tSS«, 

»18.K 

EdvMdi,  A.  K. 

Itir*etk>n)  (or  collaatlDg  Dlato- 

• 

71887 

In* 

BathiMk,  J.  T. 

Flora  of  Alatk^ 

IL  ia6T, 

.3  1887 

frM 

Ban,  ChMlM, 

iRdion  Potter;, 

B.  IMS, 

11188T 

|Abb«.  0. 

Dorpat  nnd  PodkOTa, 

B.  W7, 

33  1887 

B>«.  ChulM, 

Flint  Impltnniila  to  DUaoU, 

a.  1818. 

.y 

K«wMn,  H.  A. 

Mitrio  Tabl», 

B.  ISSS, 

131888  tn» 

Ban,  ChutH, 

Drilling  in  Stoa*  wltboat  Matal, 

a.  1888. 

"hi 

McttoroloElcal  SUtioni  and  Ob- 

R.  1888, 

42  1889  fraa 

i"^"-'- 

Rala  Chartt  fur  SnokBar,  Tin- 
ter,  and  Tear. 

B.O.znii, 

S 

1810 

fraa 
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•  T»7lor,  T.  B.      .Origin  and  Nktnra  of  Forca,         B.  IBTO, 

i  Hunt,  H.  Btirrj  Chtmlttr;  aftba  B*rtb,  R.  IMS, 

r  Btblnat,  K.  Diamond  and  Prioloai  Btsnai,      It.  IS'O, 

i  Boahrig,?.  L.O.  Dakota  I.ongnagr,  B.  I8TI, 

)  Htnrjp,  JoMpb,    jEalagj  on  A]«i.  D.  Bacba,         |R.  IB'O, 

)  FMbodT,  A.  P.     SdcDtlfle  Bdaeallon  of  llMban- 


R.  187), 


1    Schott,  C.  A.  TampartitDre  Chart  of  V.  8.  far 

I     Year,  ate., 

ka,  ClMrlai,       North  Amarionn  Bloo«   Inpl* 


Circular  far  Shipping  FmhFlih.  M.  C. 


I  Bmia*,  A. 
'    Bohott,  C.  A. 


la  tSTD  tra* 
I  26  I8TI  fra* 
I  33  )BT3  fr«a 
!      la  1873   TtM 

Ss'lSTl  (na 

II 1873  tiM 
1  1873  Int 
IS  1873 

IH  1881     S.M 

4  1881    ttf 

*9  1873 

36  1871  fn» 


Tamperatara  Chart— Yaa 


Henry.  Joioph, 

B 

1880, 

.     ib  18^1   TrM 

Hilgmra.  J.  E. 

Tidag  and  Tidal  AalloQ  ia  Hnr 
ijora. 

B 

1871. 

M  IS75   fraa 

laititatioD, 

M.C.ivii 

10  I6TJ  rt«e 

Bomw.  F.  F. 

Prahijtoris  Anli(iulll«  oi  Uoo 

R 

J876, 

1       9  18TT 

OUlmui,  HHirj, 

Mnund-bui]d.T<.     Anaiant  Man 
in  MichigaB, 

R 

18-i, 

;      13  187T  (TM 

Abbott,  C.  C. 

Stona-age  in  Vew  Janaj, 

K 

18JS, 

'  139  1977  ri«« 

Taylor,  Wm.  B. 

RInetia  Thaori.»  «f  Qravilation 

B 

is;b. 

SO  1877  Am 

HoFnrlin,  T  A. 

lliiloTT   and    Cliaiale    of   Ken 
Maiieo, 

K 

1877, 

SOlin  Am 

Haion,  OtU  T. 

Lntimar  Coll.olion  of  Antuiai 

R 

I8-«, 

:    tSISTTfrM 

Abbe  C, 

Mela-rol'gical  Memoir.  iTranr 

ialionp). 

B 

1877, 

IMlSTStaa 
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AOTIOK. 

TlTLI. 

BllB 

Sekiri. 

B.imr™,  r. 

R.  1877, 

JonM,  CbM.  C. 

Abociginnl  Straoturai  in  Qn., 

B.  1877. 

W««M...i. 

Cb(ias«  of  Maxiaan  Aiolotl  to 

Amhi,.lo™». 

B.  1877, 

Bkn,  OIuvIm, 

Lmpldary, 

R   1877, 

a«i.  CluilM, 

Ootd  Omxnoitfroa  Florldk, 

R,  1877, 

H>ld«MB,  S.  8. 

Poljchroma  llMd  tram  F.orid«, 

R.  1877, 

T«ylor.  Tb.  B. 

lloory  «nd  th»  T«l«gr»ph, 

E.  1878, 

HiWT.  lOMph. 

[U>»rdh.iii>SoDnd. 

a.  1878. 

OmT,  Am, 

U«iiiuirofJDf*phH*nr7, 

R.  1878, 

Balrd,  B.  r. 

Report   of  Stontar;  of  emtth- 

■uDLinfn.litutiunforlSTS. 

R.  1878, 

ShMmaa,  W.  T, 
Pmrk.r,  V.  tai 

Btpori     of     MiiMani     Ba!ldlD( 

Co<oini.>l^n,.ndDrtb>Arohl 
tsDla  for  IH:9. 

R.  187B, 

Holdra,  B.B. 

tUpona  of  Aitronomieal  Ob>*r 

valotiM  for  IBTH, 

R.  1879, 

R,  1878, 

Cap*.  Edw.  D. 

BDll.Nnt  Uu...  No.  ir. 

U   C. 

o«oa»,  Q.  B. 

BnllD    fj.barT   Eihibit.     Bull. 
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The  present  catalogue  embraces  all  the  articles  published  by  the  Smith- 
sonian Institution  from  its  orj|2:anizati()n  in  1846  to  the  iirst  of  July,  1882,  a 
period  of  thirty-six  years. 

At  the  beginning  nothing  was  issued  but  pamphlets  explanatory  of  the 
plan  of  the  Institution  and  brief  annual  reports  of  the  proceedings  of  the 
Board  of  Regents,  indicated  in  the  catalogue  by  the  letters  A,  B,  C,  D,  E,  F, 
G,  H,  I,  J,  K,  L,  M,  N,  O,  Q.  An  elaborate  work,  (P  in  the  catalogue),  by 
RoBEKT  DAiiE  Owen,  on  public  architecture,  with  special  reference  to  the 
plans  oi[  the  Smithsonian  Institution,  prepared  on  behalf  of  the  Building 
Committee,  was  printed  at  the  expense  of  the  Institution*  in  1849,  but  did 
not  form  part  of  the  regular  series  organized  by  the  Secretary  of  the  Institu- 
tion, Prof.  Henry. 

1.  Smithsonian  Contributionb  to  Knowledge. 

The  series  entitled  "  Smithsonian  Contributions  to  Knowledge,"  in  quarto 
form,  was  e4)mmenced  in  1848  by  the  publication  of  Scjuier  and  Davis' 
Ancient  Monuments  of  the  Mis-sissjip])!  Valley.  The  following  ** Advertise- 
ment" of  the  first  volume,  propiired  by  Prof.  Ileniy,  has  been  inserted  in 
every  succeeding  volume  to  indicate  the  cliaracter  and  design  of  the  series: 

"  This  volume  is  intendcKl  to  form  the  first  of  a  series  of  vohimes,  consist- 
ing of  original  memoirs  on  differtait  brauclu^s  of  knowledge  published  at  the 
exjKMise  and  under  the  direction  of  the  Sniithsimian  Institution.  The  publi- 
cation of  this  series  forms  part  of  a  general  plan  adopted  for  carrying  into 
effect  the  benevolent  intentions  of  James  Sniithson,  Esq.,  of  England.  Tliis 
gi»ntleman  left  his  ]>roperty  in  trust  to  the  ITnited  Stat(»s  of  America  to  found 
at  Washington  an  institution  whicii  should  iK^ar  his  own  name,  and  have  for 
its  objects  *the  Inc.rrAH^c  and  diffiotion  of  knowledge  among  men.'  This  trust 
wa**  accepte<l  by  the  Government  of  the  United  States,  and  an  act  of  Con- 
gress was  passe^l  August  10,  184(J,  constituting  the  President  and  the  other 
principal  exwutive  officers  of  the  (Jenend  CJovernment,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  Washington,  and  such  other  |)ersons  as 
thev  mi(]:ht  elect  honorarv  memlH'rs,  an  establLshment  under  the  name  of  the 
•Smithsonian  Institution,  for  the  increase  and  diffusion  of  knowh^lge  among 
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men/  The  members  and  honorary  members  of  this  establishment  are  to  hold 
stated  and  special  meetings  for  the  supervision  of  the  affairs  of  the  Institution 
and  for  the  advice  and  instruction  of  a  Board  of  Regents,  to  whom  the  finan- 
cial and  other  afiairs  are  entrusted. 

"  The  Board  of  Regents  consists  of  three  members  ez-officio  of  the  estab- 
lishment, namely,  the  Vice-President  of  the  United  States,  the  Chief  Justice 
of  the  Supreme  Court,  and  the  Mayor  of  Washington,  together  with  twelve 
other  members,  three  of  whom  are  appointed  by  the  Senate  from  its  own 
body,  three  by  the  House  of  Representatives  from  its  members,  and  six  citi- 
zens appointed  by  a  joint  resolution  of  botii  houses.  To  this  Board  is  given 
the  power  of  electing  a  Secretar}^  and  other  officers,  for  conducting  the  active 
operations  of  the  Institution. 

"  To  carry  into  effect  the  purposes  of  the  testator,  the  plan  of  organization 
should  evidently  embrace  two  objects,  one,  the  increase  of  knowledge  by  the 
addition  of  new  truths  to  the  existing  stock ;  the  other,  the  diffusion  of  knowl- 
edge thus  increased  among  men.  No  restriction  is  made  in  favor  of  any  kind 
of  knowledge,  and  hence  each  bninch  is  entitled  to  and  should  receive  a  share 
of  attention. 

"  The  act  of  Congress,  establishing  the  Institution,  directs,  as  part  of  the 
plan  of  organizjition,  the  fcTrmation  of  a  Library,  a  Museum,  and  a  Gallery 
of  Art,  together  with  provisions  for  physical  research  and  popular,  lectures, 
while  it  leaves  to  the  Regents  the  ])ower  of  adopting  such  other  parts  of  an 
organization  as  they  may  deem  best  suited  to  promote  the  objects  of  the 
bequest. 

"-'Vfter  much  deliberation,  the  Regents  rosolvwl  to  divide  the  annual  income, 
thirty  thousand  nine  hundred  and  fil^y  dollars,  into  two  equal  parts,  one  part 
to  be  devoted  to  the  increase  and  diffusion  of  knowledge  by  means  of  original 
research  and  publications,  the  other  half  of  the  income  to  be  applied  in 
accordance  with  the  requirements  of  the  act  of  Congress  to  the  gradual 
formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art." 

(The  Programnu^  of  Organ izati(Mi,  adopted  December  8,  1847,  follows.) 

"  In  accordance  with  the  rules  adopted  in  the  Programme  of  Organization, 
each  memoir  in  this  volume  has  l)een  favoi-ably  reported  on  by  a  Commission 
appointed  for  its  examination.  It  is  however,  impossible,  in  most  cases,  to 
verify  th(j  statements  of  an  author ;  and,  therefore,  neither  the  Commission 
nor  the  Institution  can  be  responsible  for  more  than  the  general  character  of 


a  m(»mou*." 


The  total  number  of  papers  published  in  the  2o  volumes  of  "  Contribu- 
tions "  is  119,  with  an  aggregate  of  12,456  pages,  1,567  wood  cuts,  523  plates, 
and  16  maps,  each  volume  averaging  541}  pages. 

2.  Miscellaneous  Collections. 

In  the  year  1862,  another  series  was  instituted,  entitled  ''Smithsonian 
Miscellaneous  Collections "  each  volume  of  which  has  the  following  preface : 

**  The  present  series,  entitled  "  Smithsonian  Miscellaneous  Collections,"  is 
intended  to  embrace  all  the  publications  issued  directly  by  the  Smithsonian 
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Institution  in  octavo  form;  those  in  quarto  constituting  the  "Smithsonian 
Contributions  to  Knowledge."  The  quarto  series  includes  memoirs,  embrac- 
ing the  records  of  extendi  original  investigations  and  researches,  resulting 
in  wliat  arc  believed  to  be  new  truths,  and  constituting  positive  additions  to 
the  sum  of  human  knowledge.  The  octavo  series  is  designed  to  contain 
reports  on  the  present  state  of  our  knowledge  of  ])articular  branches  of 
Kicnce;  instructions  for  collecting  and  digesting  facts  and  materials  for 
research ;  lists  and  synopses  of  species  of  the  organic  and  inorganic  world ; 
museum  catalogues ;  reports  of  explorations ;  aids  to  bibliographif.'al  investi- 
gations, etc. ;  generally  prepared  at  the  express  recjucst  of  the  Institution  and 
at  its  expense. 

"The  iKJsition  of  a  work  in  one  or  the  other  of  the  two  series  will  some- 
times clei>end  upon  whether  the  required  illustrations  can  be  presented  more 
conveniently  in  the  quarto  or  the  octavo  form. 

**In  the  Smithsonian  Contributions  to  Knowle<lge,  as  well  as  in  the  present 
aeries,  each  article  is  separately  pa^ed  and  indexe<l,  ami  the  actual  date  of  its 
jHihlicatioii  is  that  given  on  its  special  title  page,  and  not  that  of  the  volume 
in  which  it  is  placed.  In  many  ca.ses  works  have  l)een  publishe<l  and  largely 
iiistributetl  years  before  their  combination  into  volumes. 

"While  due  care  is  taken  on  the  part  of  the  Smithsonian  Institution  to 
insure  a  proper  stanrlard  of  excellence  in  its  pul)licatir)ns,  it  will  be  readily 
undcrstrjod  that  it  cannot  hold  itself  responsible  fur  the  facts  and  conclusions 
of  the  authors,  as  it  is  impossible  in  most  cases  to  verify  their  statements.** 

The  total  number  of  papers  published  in  the' 23  volumes  of  ''Miscellaneous 
Collections"  is  122,  each  volume  averaging  882}  pages,  with  an  aggregate  of 
20,299  pages,  2,868  wood  cuts,  and  43  plates. 


3.  Annual  Reports. 

By  the  act  of  Congress  organizing  the  Institution  it  was  made  the  duty  of 
the  "  Board  of  Regents  to  submit  at  each  session  a  re{)ort  of  the  operations, 
*^peuditures,  and  condition  of  the  Institution."  These  Anniml  Reports 
^nn  a  third  scries  of  Smitlis(Miian  publications.  They  consist  of  the  reports 
^^  the  Seoretary  to  the  Board  of  Regents  of  the  o|)erations  and  crmdition  of 
»e  Institution ;  the  reports  of  committees  of  the  Board ;  reports  of  lectures ; 
**tracts  from  correspondence ;  original  or  translated  articles  relating  to  the 
■^orj'  and  progress  of  science,  etc. 

The  first  report  was  submitted  by  the  Board  to  the  second  session  of  the 
^^  Congress,  1847,  and  formed  an  octavo  pamphlet  of  38  pages.  A  similar 
'^port  was  presented  annually  thereafter,  varying  in  size  from  04  pages  to 
326,  printed  in  pampldet  form  with  paper  covers  up  to  1853,  when  Congress 
«idaed  the  report  to  be  bound  in  cloth.  In  the  volume  for  that  year  the 
portion  of  the  contents  of  ifaa  p"  "  I'oportB  was  reprinted, 
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and  this  is  now  considered  as  the  firet  of  a  set  of  Smithsonian  Bcpoili 
The  number  of  pages  was  limited  between  18i>4  and  1876  to  400.  Ii  ik 
latter  year  this  restriction  was  removed,  and  since  then  the  average  DUfflber 
of  .pages  has  been  600. 

The  number  of  copies  of  these  reports  for  general  distriburifm  oitkied 
by  Congress  has  been  very  variable,  the  largest  being  7.500  in  1874  ui 
1875,  and  the  smallest  150  in  1847.  The  number  of  copies  granted  tk 
Institution  each  year  is  shown  in  the  following  table: 

Xumber  of  extra  topics  furnhhed  the  Institution  by  Congress  for  distribution. 


For  the 

No.  OF 

• 
For  the 

No.  OF 

P'OR  THi: 

\n.OF 

Year. 

Copies. 

Year. 
1859 

Copies. 

Year. 
1871 

'.'OPIES. 

1847 

'150 

i 
2,000 

5xx» 

1848 

1,000 

i        i860 

2,000 

1S72 

5.000 

1849 

500 

1861 

2,000 

1S73 

OXW 

1850 

1,000 

1862 

2,000 

1S74 

7.5» 

1851 

2,000 

,         i«63 

2,000 

1S75 

7.500 

1852 

2,000        1 

1864 

2.000 

1876 

n.500 

1853 

3,000 

!       1865    ^ 

2.000 

1877 

6.500 

1854 

2,500 

1S66 

2.000 

1878 

r'.V» 

1855 

2,500 

1S67 

2,000 

1S70 

7.000 

1856 

2.500 

1 868 

2,000 

1S80 

7.000 

1857        ' 

5,000 

1S69 

3.000 

1S58 

5,000 

1S70 

5.000 

• 

' 

. 

The  total  nuinbor  of  pa^rt^?  in  the  85  vohime:*  nf  Aimuul  Ke|H»rtsJ  ir*  14,418, 
average  412  pages;  total  number  of  wuodciit.s,  1,89^. 


4.    BULLKTIN.-?   OK   TIIK    V .    »S.    N.VTIOXAL    MrsiIlM. 

In  the  year  187")  a  fourth  .sorie.-*  of  puhlicatioiLs  i octavo)  was  commenced 
eiititlod  '*Bullc*tins  of  tlit*  Naiioiial  Miisciun,"  inton«le<l  to  il  lust  rule  the  ool 
lections  of  natural  liistorv  and  othnolo;rv  holonjrin;:  to  the  United  Sotci 
constitutin;^  the  National  Museum,  of  which  the  Smithsonian  InstitutioB  i 
tiie  cust'xlian. 

Twenty  of  these  Bulletins  have  bcK'n  published,  with  an  aggregate  of  S,10 
pages,  4')  plates,  and  1  map. 
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5.  Proceedings  of  the  U.  S.  National  Museum. 

In  imitation  of  the  practice  of  those  learned  societies  which  publish  peri- 
odically descriptions  of  new  species,  &c.,  in  the  form  of  proceedings  of  weekly 
or  monthly  meetings,  and  thus  present  to  the  world  the  discoveries  connected 
witli  the  establishment  at  the  earliest  practicable  moment,  it  appeared  to  be 
very  desirable  that  the  National  Museum  should  have  some  medium  of 
prompt  publication  for  announcing  descriptions  of  specimens  received,  (many 
of  which  are  new  species,)  as  well  as  other  interesting  facts  relative  to  natu- 
ral history  burnished  by  correspondents  of  the  Institution.  To  mc(?t  this 
want  a  fifth  series  of  publications,  (octavo,;  entitled  **  Proceedings  of  the 
National  Museum,"  was  commenced  in  1880.  They  arc  i)rinted  in  successive 
signatures  as  fast  as  material  sufficient  for  IG  pages  is  prepared,  and  dis- 
tributee! at  once  to  scientific  societies  and  leading  active  working  naturalists 
in  this  countrj'  and  in  Europe,*  each  signature  having  printed  at  the  bottom 
of  its  iirst  page  the  date  of  actual  issue,  for  ^ttling  any  questions  as  to 
priority  of  publication.  Of  this  scries  four  volumes  have  been  published, 
comprising  2,221  pages,  with  28  cuts  and  19  plates. 

G.  RiopoRTa  OF  TiiK  Bureau  of  Ethnology. 

The  sixth  series  of  publications  is  the  annual  rcp)rt  (in  Imperial  octavo) 
of  the  Bureau  of  Ethnology,  placed  by  Congress  in  charge  of  the  Smithso- 
nian Institati<m.  The  first  volume  of  this  series  was  issued  in  1881,  and 
consists  of  G.*58  pages,  with  34*5  cuts,  54  plates,  and  1  map. 

The  distribution  of  this  volume  to  individuals  is  whollv  bv  Members  of 
Congress  and  the  Director  of  the  Bureau,  Major  J.  W.  Powell — the  Institu- 
tion having  copies  at  its  disposal  only  for  the  libraries  on  its  regular  list  of 
distribution  for  its  own  full  series. 

7.   COPYKIGHT. 

No  copyright  has  ever  been  secured  on  the  publications  of  the  Institution. 
They  are  left  free  to  be  used  by  compilers  of  books  without  any  restrictions, 
except  that  full  credit  shall  be  given  to  the  name  (»f  Sniillison  for  any 
extracts  which  may  be  made  from  them. 


*  Frof.  Baird's  report  for  i88o. 
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8.  Use  of  Illustrations. 

Copies  of  the  wood  cuts  used  by  the  Institution  are  granted  to  aatbono 
publishers  on  payment  of  the  actual  cost  of  production  of  clectrotrpa 
and  promise  to  give  proper  reference  to  the  article  in  which  they  origiBaD; 
appeared. 

9.  Size  of  Editions. 

In  the  first  experiments  of  the  Smithsonian  system  of  publication,  tl 
proper  magnitude  of  the  editions  necessary  to  meet  the  immediate  and  futn 
demand  could  not  be  accurately  ascertained.  The  number  of  copies  cf  il 
Contributions  then  fixed  upon,  has  since  been  found  inadequate,  althongb 
was  larger  than  that  usually  issued  by  other  institutions.  The  edition  b 
therefore,  been  augmented,  until  at  the  present  time  1,000  copies  of  o 
article  arc  set  aside  to  be  combined  into  yolumes,  and  an  extra  number, ts 
ing  with  the  'probable  demand,  struck  off*  for  separate  distribution,  and 
sale. 

Each  article  is  complete  in  itself,  with  separate  paging,  title,  and  ind 
and  without  any  necessary  relationship  to  others  combined  with  it  in 
same  volume. 

Of  the  early  volumes  of  Smitlisonian  Contributions,  the  e<iition,  for  real 
already  explained,  was  lescf  than  of  the  succeeding  ones,  .<u  that  oomp 
sots  cannot  now  be  furniihod. 

In  the  yoar  1802,  the  ylixn  of  stereotyping  every  article  printed  by 
Institution  was  adof^tod,  the  plates  being  carefully  preserved,  thus  makin 
praetioablo  at  anytime  t<>  issue  now  editions  except  whore  expensive  It 
gra]>hio  plaii^  wore  iise<l,  a  limiteil  number,  only,  of  impressions  from  tl 
havin^r  boon  taken. 

A  niHulvr  oi'  the  earlier  articles  in  octavo  were  out  of  print  before 
coinuionivuK'ni  ot'  the  sorios  ot*"Mi>c^'llaneous  Collections.''  andcomeqaei 
are  wox  inohulrd  in  thoiii. 

The  prim  ill::  oi'  iho  "Bullotius"  and  "Proceeilings"  is  authoriied  by 
DrrviM'MiNr  of  nir.  lNri:niou  and  paid  for  out  of  its  fund.  An  edi 
ol*  1,000  ^'i^pi^s  is  pviblfcihod,  ot*  which  ono-hall*  b  distributed  by  the  De| 
iiuxii  ot'  \\\c  liuori.>r  an.!  ••iio-half  by  the  lastitution.  As  the  pegs 
frtiTc^^tvjx^l.  tho  I'ost  oi'  addiiioual  ot^pit-s  L<  slight;  and  for  the  pnipo 
makin;:  >»t^'  thai  a  suttioient  number  of  sets  will  be 
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Students  in  all  parts  of  the  world,  it  has  been  considered  expedient  to  print 
1,500  additional  copies  of  each  for  incorporation  in  the  Miscellaneous  Col* 
lections,* 

10.  Distribution  of  Publications. 

The  distribution  of  the  publications  of  the  Institution  is.  a  matter  which 
requires  much  care  and  judicious  selection,  the  great  object  being  to  make 
known  to  the  world  the  truths  which  may  result  from  the  expenditure  of  the 
Smithson  fund.  For  this  purpose  the  Contributions  are  so  distributed 
as  to  be  accessible  to  the  greatest  number  of  readers ;  that  is,  to  large  central 
libraries. 

The  volumes  of  Contributions  are  presented  on  the  express  condition  that, 
while  they  are  carefully  preserved,  they  shall  be  accessible  at  all  times  to 
students  and  others  who  may  desire  to  consult  them,  and  be  returned  to  the 
Institution  in  case  the  establishments  to  which  they  are  presented  at  any  time 
cease  to  exist. 

These  works,  it  must  be  recollected,  arc  not  of  a  popular  character,  but 
require  profound  study  to  fully  understand  them ;  they  are,  however,  of  im- 
portance to  the  professional  teacher  and  the  popular  expounder  of  science. 
They  contain  the  materials  from  which  general  treatises  on  special  subjects 
may  be  elaborated.f 

Full  sets  of  the  publications  cannot  be  given  to  all  who  apply  for  them, 
since  this  is  impossible  with  the  limited  income  of  the  Institution,  and,  indeed, 
if  care  be  not  exercised  in  the  distribution,  so  large  a  portion  of  the  income 
will  be  annually  expended  on  tlie  production  of  copies  for  distribution  of 
what  has  already  been  publislicd  that  nothing  further  can  be  done  in  the  way 
of  new  publications.  It  must  be  recollected  that  every  addition  to  the  list  of 
distribution  not  only  involves  the  giving  of  the  publications  which  have 
already  been  made,  but  also  of  those  which  are  to  be  made  hereafter.J 

The  rules  governing  the  distribution  of  the  Smithsonian  publications  are 
appended.  To  enable  institutions  not  coming  within  their  provisos,  as  well  as 
individuals,  to  procure  copies  of  such  as  may  be  desired,  a  small  number  is  set 
aside  and  sold  by  the  Institution  at  a  price  which  is  intended  merely  to  cover 
the  actual  cost  of  their  publication. 


*Prof.  Baird's  report  for  1880. 
t  Prof.  Henry*s  report  for  1876. 
J  Prof.  Henry's  report  for  1873. 


f    J       VkS^s 
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11.  Rules  for  Distributiox  of  the  Publications  of  thb 

Smithsonian  Institution. 

To  Institutions. 

The  publications  of  the  Smithsonian  Institution  are  ibmished : 

1st.  To  learned  societies  of  the  first  class,  Avhich  present  complete  seria  of 
.  their  publications  to  the  Institution. 

2d.  To  libraries  of  the  first  class,  Avhich  give  in  exchange  their  catalogofli 
and  other  publications ;  or  an  equivalent,  from  their  duplicate  volumes. 

3d.  To  colleges  of  the  first  class,  which  furnish  catalogues  of  their  libitM 
and  of  their  students,  and  all  publications  relative  to  their  organiiation  ui 
history. 

4th.  To  public  libraries  containing  25,000  volumes. 

5th.  To  smaller  public  libraries,  where  a  large  district  would  be  otheff* 
unsupplied. 

6th.  Institutions  devoted  exclusively  to  the  promotion  of  particul» 
branches  of  knowledge  may  receive  such  Smithsonian  publications  as  iditf 
to  their  respective  objects. 

To  Individuals. 

The  gratuitous  distribution  to  individuals,  of  the  publications  of  the  Js^ 
tution,  w  restricted : 

1st.  To  those  who  are  engaged  in  original  research  in  the  branch  of  sciew 
to  which  the  book  a8ke<l  for  pertaim*. 

2d.  To  those  who  rei|uire  it  in  the  business  of  instruction. 

3d.  To  donors  to  the  museum  or  library  of  the  InstitutioiL 
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12.  Form  of  Application  for  Publications. 

the  Smithsonian  Institution,  Washington,  D.  C, 

Date,  18 

n  behalf  of  the  ',  we  reBpectfully  apply 

the  publications  of  the  Smithsonian  Institution,  on  condition  that  all  vol- 
es received  shall  be  carefully  preserved,  be  accessible  to  any  person  who 
y  wish  to  consult  them,  and  be  returned  to  the  Smithsonian  Institution  in 
e  the  establishment  at  any  time  ceases  to  exist. 

Name  of  Establishment ^ 

Location — Town . 

State - 

When  established . .— — . 

Character > . . . 

liuildings  and  property — . -. .. 

Pennanent  fund - - 

Annual  income —- .  — - --- -«- — 

Volumes  in  library —...«— ——- 

Number  of  persons  having  use  of  books — ™ ........... ...... 

I^c  of  last  catalogue  of  library ... .. . ............. 

^Vhat  publications  made . . ......—.. „ ^  ,-    ,,.,..—, 

(Send  printed  list  if  possible.) 

Names  of  Officers :  President . ... 

Secretary «.«.__ 

Librarian . . . . 


Addresses  of  principal  scientific  men  connected  with  the  Establishment  and  subjects  in 
which  specially  interested . . .._..... . - 

recommend  the  above  application. 

. — . ^^^^Member  of  Congras, 

— — District SiaU, 


13.  Pbice  Libt  of  Smithsonian  Pdblicatiomb. 

Where  no  price  is  given  the  work  is  out  of  print,  and  cannot  be  fiimitilied. 
Of  those  marked  "free"  the  edition  ia  limited,  and  copies  are  only  ^ven  to 
thoee  speciiUlf  interested  in  the  subjects  to  which  they  pertain,  who  are  col- 
laborators of  the  Institution  or  contribulorB  to  its  library  or  museum. 
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LIST  OF  PUBLICATIONS 


OF   THK 


Smithsonian  Institution. 


><>Ti. — A  to  Q  indicate  early  publications  not  ombrucod  in  the  regular  series. 


Journal  of  Proceedings  of  the  Regents  of  the  Smithsonian  Institution, 
at  the  city  of  Washington,  beginning  on  the  first  Monday  of  Sep- 
tember, 1846.    1846.    8vo.,  pp.  32. 

Report  of  the  Organization  Committee  of  the  Smithsonian  Institution, 
with  the  resolutions  accompanying  the  same  and  adopted  by  the 
Board  of  Regents ;  also,  the  Will  of  the  testator,  the  Act  accepting 
the  bequest,  and  the  Act  organizing  the  Institution.  1847.  8vo., 
pp.  32. 

Digest  of  the  Act  of  Congress  establishing  the  Smithsonian  Institution. 
August  10,  1846.    8vo.,  pp.  8. 

Address  delivered  on  occasion  of  laying  the  Corner  Stone  of  the 
Smithsonian  Institution,  May  1,  1847.  By  George  M.  Dai^las, 
Chancellor  of  the  Institution.     1847.    8vo.,  pp.  8. 

Smithson's  Bequest.  Professor  Henry's  exposition  before  the  New 
Jersey  Historical  Society,  at  its  meeting  in  Princeton,  on  Wednesday, 
September  27.    1847.    8vo.,  pp.  8. 

First  Report  of  the  Secretary  of  the  Smithsonian  Institution  to  the 
Board  of  Regents ;  giving  a  Programme  of  Organization,  and  an 
account  of  the  operations  during  the  year.  Presented  December  8, 
1847.    1848.    8vo.,  pp.  48. 

[First]  Report  from  the  Board  of  Regents,  submitted  to  Congress,  of 
the  operations,  expenditures,  and  condition  of  the  Smithsonian  Insti- 
tution. Senate  Doc.  211 ;  29th  Congress,  2d  Session.  1847.  8vo., 
pp.38. 

Second  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institu- 
tion, to  the  Senate  and  House  of  Representatives,  showing  the  opera- 
tions, expenditures,  and  condition  of  the  Institution  during  the  year 

1847.  30th  Congress,  Ist  Session.     Senate  Miscellaneous  No.  23. 

1848.  8vo.,  pp.  208. 

(1) 


^  LIST   OF   PUBLICATIONS 

H.    Report  for  1M7— Continncil. 

CONTENTS. 

Report  of  Prof.  J.  Henry,  and  Proceedings  of  the  Board. 
Gallatin,  A.;    Robinson,  £. ;    Bartlett,  J.  R. ;  Turkie,  W.  1 

Morton,  S.  6. ;  Marsh,  6.  P.     On  publication  of  Sqaier&DKT 

Ancient  Monuments. 
Jewett,  G.  C.     Report  on  plan  of  library. 
LooMis,  £.     Report  on  meteorology  of  the  United  States. 
EsPT,  J.  P.     On  meteorology. 

L  Third  Annual  Report  of  the  Board  of  Regents  of  the  Smithxtt 
Institution,  for  the  year  1848.  30th  Congress,  2d  Seesion.  H. 
Miscellaneous,  No.  48.     1849.    8vo.,  pp.  64. 

contents. 
Report  of  Prof.  J.  Henry,  and  Proceedings  of  the  Board. 
Jkwett,  C.  C.     Report  on  library. 

Stevens,  H.     Prospectus  uf  a  Bibliographia  Americana. 
Hare,  R.     Letter  relative  to  gift  of  apparatus. 
GuYOT,  A.     On  metric  system  for  scientific  observations. 

J.  Programme  of  organization  of  the  Smithsonian  Institution.  Prae 
in  the  first  annual  report  of  the  Secretary,  and  adopted  bjthaB 
of  Regents,  December  13,  1847.     1847.    4to.,  pp.  4. 

K.  Correspondence  relative  to  the  acceptance  for  publication  of  the  O 
logical  memoir  of  Messrs.  Squier  and  Davis.     1847.    8vo.,  pp.  ^ 

L.  [First]  Report  of  the  Organization  Committee  of  the  Smithwnii 
stitution.  Reprinted  from  the  National  Intelligencer,  QiBceml 
1846.     8vo.,  pp.  8. 

M.     Reports,  etc.,  of  the  Smithsonian    Institution,  exhibiting  its  ] 
operations,  and  financial  condition  up  to  January  1,  1849. 
the  third  annual  report  of  the  Board  of  Regents.     Presented  to 
gress  February  19,  1849.     1849.     8vo.,  pp.  72. 

N.  Officers  and  Regents  of  the  Smithsonian  Institution,  with  the 
Congress  accepting  the  bequest,  and  the  act  incorporating  said 
tution.     1846.     8vo.,  pp.  14. 

O.     An  Act  to  establish  the  Smithsonian  Institution.     Approved  An 

1846.     pp.  8. 

P.  Hints  on  Public  Architecture,  containing,  among  other  iDmin 
views  and  plans  of  the  Smithsonian  Institution;  together «il 
appendix  relative  to  building  materials.  Prepared  on  behalf  i 
Building  Committee  of  the  Smithsonian  Institution^  hj  Bo 
Dale  Owen,  chairman  of  the  committee.  1849.  410.,  pp.  M 
woodcuts,  15  plates. 

Q.    Check  list  of  periodical  publications  received  in  the  tmi 
the  Smithsonian  Institution,  for  the  year  1868.    18P 


OF   THE   SMITHSONIAN   INSTITUTION. 


REGULAR  SERIES. 


1.  Ancient  Monuments  of  the   Mississippi  Valley  ;  comprising  the  results 

of  extensive  original  surveys  and  explorations.  By  E.  G.  Squier 
and  E.  H.  Davis.  1848.  4to.,  pp.  346,  207  woodcuts,  48  plates. 
(S.  C.  I.) 

2.  Smithsonian  Contributions  to  Knowledge.     Vol.  I.     1848.    4to.,  pp. 

360,  207  woodcuts,  48  plates. 

CON  TK  NTS. 

Squier  and  Davis.     Ancient  Monuments,  Mississippi  Valley.     No.  1. 

3.  Researches  relative  to  the  Planet  Neptune.     By  Sears  C.  Walker. 

1849.     4to.,  pp.  60.     (S.  C.  ii.) 

4.  Epheraeris  of  the  Planet  Neptune  for  the  Opposition  of  1848.     By 

Sears  C.  Walker.    1848.    4to ,  pp.  8.    (S.  C.  ii.) 

5.  Ephemeris  of  the  Planet  Neptune  from  the  date  of  the  Lalande  Obser- 

vations of  May  8  and  10,  1795,  and  for  the  Opposition  of  1846,  '47, 
•   '48,  and  '49.    By  Sears  C.  Walker,    April,  1849.    4to.,  pp.  32. 
(S.  C.  II.) 

6.  Ephemeris  of  the  Planet  Neptune  for  the  year  1850.    By  Sears  C. 

Walker.    April,  1850.    4to.,  pp.  10.    (S.  C.  ii ) 

7.  Ephemeris  of  the  Planet  Neptune  for  the  year  1851.     By  Sears  C. 

Walker.    December,  1850.    4to.,  pp.  10.     (S.  C.  ii.) 

8.  *  Occultations  visible  in  the  United  States  during  the  year  1848.     By 

John  Downes.     1848.    4to.,  pp.  12. 
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Kane.     Arctic  observations  (s.  c.) 97,  198 

LojKE.    Observations  on  terrestrial  magnetism  (s.  c.) ^ 35 

Secchi.     Researches  on  electrical  rheometry  (s.  o.) 36 

SoNNTAQ.     Terrestrial  magnetism,  Mexico  (s.  c.) 114 

Taylor.     Henry  and  the  telegraph 405 


XII.— ETHNOLOGY.    {See  Anthropology  and  Philoloqy.) 


XIII.— GEOLOGY.     (See  aUo  PALiBONTOLOQY.) 

Cooper.     Physical  geography  of  North  America . _— 1 351 

Hawe8.     Recent  progress  in  geology 428 

HiLGARD.    Geology  of  lower  Louisiana  (s.  c.)_- i 248 

Hitchcock.    Surface  geology  (s.  c.) 90 

Mason.     Luray  Cavern  in  Virginia 433 

PuMpELLY.     Geology  of  China,  Mongolia,  and  Japan  (s.  o.) 202 

Whittlesey.     Fluctuations  of  lakes  (s.  c.) 119 

Whittlesey.     Glacial  drift  (s.  c.) ^ 197 


XIV.— MAGNETISM.     {See  Electricity.) 


XV.— MATHEMATICS. 

Alvord.     Tangencies  of  circles  (s.  c.) 80 

Ferrel.     Converging  series  (s.  c.) 233 

Newcomb.     General  integrals  of  planetary  motion  (s.  c.) 281 


XVI.— MEDICINE.     {See  Anatomy,  etc.) 
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No.  In 
Catalogue 

• 

Abbe.     Meteorological  memoirs 398 

Bache.     Girard  College  observations  (s.  c.)..  113,  121,  132,  162,  175,  186,  195 

Caswell.     Observations,  Providence,  Rhode  Island,  1881-1860  (s.  c.) 103 

Caswell.     Observations,  Providence,  Rhode  Island,  1831-1876  (s.  c.) 443 

Chappelsmith.    Tornado  (s.  c.)...' 59 

Clouds,  nomenclature  of 347 

Coffin.     Meteoric  fire-ball  (s.  c.) 221 

Coffin.     Psychrcmetrical  tables 87 

Coffin.    Winds,  northern  hemisphere  (s.c.) 52 

Coffin.    Winds  of  the  globe  (s.c.) 268 

CoLDiNO.     The  nature  of  air  currents 398 

CoLDiNO.    The  whirlwind  of  St.  Thomas  in  1871 398 

Cooper,  J.  G.    Forests  and  trees  of  North  America 9  351 

Directions  for  meteorological  observations 19,  148 

Ferrel.     Reply  to  strictures  of  J.  Hann 398 

Force.     Record  of  auroras  (s.  c.  ) 84 

GuYOT.     Meteorological,  directions 19,  148 

GuTOT.    Meteorological  and  physical  tables 31,  153 

Hann.     Diminution  of  vapor  with  altitude 398 

Hann.     Influence  of  rain  on  the  barometer 398 

Hann.     Atmospheric  pressure  and  rain-fall 398 

Hann.     Laws  of  temperature  in  ascending  currents 398 

Hann.     Relation  between  pressure  and  wind 398 

Hates.     Arctic  observations  (s.  c.) 196 

Henry.    Circular,  altitudes _ 236 

Henry.           "        directions  for  constructing  lightning  rods 237 

Henry.           "        thunder-storms 235 

Henry.          "        tornadoes 190 

HiLDRETH  AND  WooD.     Observations,  Marietta,  Ohio  (s.  c.) 120 

UoEK.     Letter  on  meteoric  shower 217 

Loud.    Discussion  of  Snell's  barometric  observations 435 

LooMis.    Storms  in  1886  (s.  c.) 127 

Map  of  the  stars  near  the  north  pole  for  aurora 350 

McClintock.     Arctic  observations  (s.  c.) 146 

McParlin.     Climate  of  New  Mexico _,  396 

Meech.    Intensity  sun's  heat  (s.  c.) 83 

Cleaveland.     Meteorological  observations,  Brunswick,  Maine  (s.  c.) 204 

Kane.    Meteorological  arctic  observations  (s.  c.) 104,  198 

Meteorological  observations,  1866 93 
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MBTBOBOLOGT^-Oontitiued. 

HstMrologlokt  rMuItt,  lS64-ft9,  toI.  1 . 

Heteorologickl  tmuIIb,  1S64-6Q,  vol.  2 .^ 

HetMTOlogloal  itetJoni  and  ob««rVBrt  1&40-I888_« 

Hetson,  NoTetDber 

Oliutkas.     Aurora  (s.  c.) . 

Periodica)  pbenomeiut,  NgUtiy  of . 

Pebliv.    BeUtion  between  baroinetria  pnMare  and  kit  carrant*  _ 

FUniipbere  of  the  vliible  beavena,  for  obterratlon  of  meUon < 

Rain  cbarta  forsummeF,  winter,  aod  jtax—— - 

Krts.     Baisftill  and  barometric  minima 

BcHOTT.    Baie  chart  of  tbe  United  Slatet 

SoHOTT.    Tables  of  rain  and  «now  in  the  United  Sutet  (a.  o.) — 

ScHOTT.    Tablet  of  temperature  {8,  c.) 

BuiTH.     Obiervationt,  Wuhington,  Arkaniat  [a.  o.) 

SoBMCKE.     Tariation  of  temperature  in  ascending  enrrenl*  of  w 

Temperature  chart  of  U.  8.  for  year 

Temperature  chart*  of  the  V.  S.  for  Bummw,  winter,  and  year— 


XVIII.— MICE0800PT. 

BjULIY.    HleroKopic  obeervationi,  Southern  Statea  (a.  c) tt 

Bailet.     New  microacopio  organisms  (b,  c) fl  ' 

Bailey.     Soundings,  coast  surrey  (a.  c.) SI 

Dran.    Medulla  oblongata  (e.  c.) ,  Ut 

Edwards.     Directions  for  collecting  microscopic  organisms . Ml 

Leidt.    Flora  and  fauna  within  living  animals  (e.  c.) II 

WooDWABS.     Cancerous  tumors _.  Ml 

XI X.— MINBBALOOT. 

Babihbt.     Diamond  and  precious  stones . ., .  Iff 

Brbziha.     CrjstallogrBphj  and  crjstallophysios . ^_  iH 

Bqlihtoii.    Catali^ueaf  minerala ■— —i  lH 

Hawks.     Recent  progress  in  mineralogy —.____  4^^ 

XX.— HISCELLANBOnS. 
Relativt  to  tha  Smithtonian  /naliArfiail. 
Act  of  CoDgreaa  to  establish  the  Smithsonian  ^"•♦'♦""'■i  ,    i_.i*' 

BoKHUia.     Report  on  International  exchanges ■ 
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MISCELLANEOUS— Continued.  CatlSogue. 

Biisine^  arrangements  of  the  Smithsonian  Institution 325 

Committee  on  Organization,  report  of B,  L 

Correspondence  Squier  and  Davis K 

Circular  relative  to  exchanges 324 

Circular  relative  to  Smithsonian  Institution 290 

Dallas.    Address,  laying  corner-stone  of  Smithsonian  Institution D 

Digest  of  act  of  Congress  relative  to  Smithsonian  Institution C 

Directory  of  officers,  collaborators  Bnd  employes 466 

Establishment  and  officers  of  Smithsonian  Institution  and  Museum 449 

Henry.    Exposition,  Smithson's  bequest _- E 

History  of  Smithsonian  Institution  .— ._ 328 

Institutions,  list  of  domestic - 69,  238 

Institutions,  list  of  foreign 64.  154,  225,  243,  469 

Journals  of  the  Board  of  Regents,  statistics,  etc 329 

Officers  and  Regents  and  act  of  organization ...» N 

Peabody.    Scientific  education  of  mechanics 380 

Proceedings,  Regents,  1846 A 

Programme  of  organization J 

Regulations  of  Smithsonian  Institution ..  260 

JRelaiive  to  tfie  National  Museum. 

Baird.    Circular  relative  to  petroleum  collections 447 

Baird.    Circular  to  fViends  of  the  museum 446 

Baird.    Report  on  Smithsopian  exhibit  at  Centennial,  1876 307 

Circular  of  the  United  States  National  Museum,  No.    1 445 

<<                          «<                   "      2 .«.- . 446 
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8 447 


*<  '»  '» .    4 448 

*'  *•  *«      5 449 

*»  '*  "      6 450 

"  »*  "      7 451 

'»  ♦<  **      8 — -—  452 

♦'  "  »*      9 453 

♦'  '»  "    10 454 

"  '»  *»    11 455 

»*  "  **    12 456 

*«  "  "    18 457 

*«  "  "    14 458 

"  "  "    16 459 

'*  '»  "    16 472 
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Circular  of  the  United  States  National  Museum,  No.  17 473 

II          u                   <t                           •«                   ct    13 474 

Circular  requesting  material  for  Museum  library 458 

Classification  of  animal  resources ' 297 

Contributions  to  Museum,  and  acknowledgement 473 

GooDE.     Animal  resources  and  fisheries 326 

GooDE.     Classification  of  Museum  collections 457 

GooDE.     Classification  of  the  food  collections 455 

GooDE.     Installation  of  collections  in  Museum 472 

GooDE.     Organization  and  objects  of  the  Museum 459 

GooDE.     Organization  and  regulations  of  the  Museum 445 

HoRNADAY.     Classification  of  the  collections  in  taxidermy 456 

Hudson's  Bay  circular 137 

Phillips.     Letters  on  the  work  of  the  National  Museum 454 

Publications  of  National  Museum,  list  of — 474 


XXI.— NATURAL  HISTORY.     {See  Bioloqy.) 


XXII. —PALAEONTOLOGY. 

Conrad.     Check  list  of  eocene  fossils 200 

GiBBES.     Mosasaurus  (s.  c.) 14 

Leidt.     Ancient  fauna,  Nebraska  (s.  c.) 58 

Leidy.     Cretaceous  reptiles  (s.  c.) 192 

Leidy.     Extinct  sloths  (s.  c.) 72 

Leidy.     Fossil  ox  (s.  c.) ^ 41 

Meek.     Check  list  of  cretaceous  and  Jurassic  fossils 177 

Meek.     Check  list  of  miocene  fossils 183 

Meek  and  Hayden.     Pal»ontology  of  Nebraska  (s.  c.) -. 172 


XXIII.— PHILOLOGY. 

BowEN.     Yoruba  grammar  and  dictionary  (s.  c. ) — — -  98 

GiBBS.     Chinook  jargon .  161 

GiBBS.     Comparative  Vocabulary 170 

GiBBS.     Ethnological  and  philological  instructions — 160 

LiEBER.     Vocal  sounds  of  Laura  Bridgman  (s.  c.) 12 

Mitchell  and  TuRKER.     Vocabulary  of  jargon — 68 
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PHILOLOGY-Oontinued.  CaSogSe. 

MoRGAV.    Systemiof  coManguinity  (s.  c.) 218 

BiOGS.    Dakota  grammar  and  dictionary  (s.  0.) 40 

RosHRio.     Language  of  the  Dakota  or  Sioux  Indians — 378 

Whitney.     Lectures  on  Linguistics 352 


XXIV.— PHYSICAL  GEOGRAPHY. 

• 

OooPXB.    Physical  geography  of  North  America 351 

Ellkt.    Physical  geography  of  the  Mississippi  valley  (s.  c.) 13 

Hatxs.    Observations  in  the  Arctic  seas  (s.  c.) 196 

Henbt.     Circular  relative  to  heights _™ - 236 

Mason.     Luray  Cavern  in  Virginia 433 


XXV.— PHYSICS.     {See  aUo  Teeersteial  Physics.) 

Baekee.     Recent  progress  in  physics 429 

Barnard.    Internal  structure  of  the  earth  (s.  c.) 310 

Barnard.     Problems  of  rotary  motion  (s.  o.) 240 

Brezina.     Crystallography  and  crystallophysics 386 

Coffin.    Winds  of  the  globe  (s.  o.) _ 52,  268 

Dayib.    Law  of  deposit  of  flood-tide  (s.  c.) 33 

DxLAUNAY.    Essay  on  velocity  of  light 354 

Draper.    Telescope  in  photog^raphy  (s.  c.) 180 

Gould.    Transatlantic  longitude  (s.  o.) ,. 223 

GuYOT.     Physical  and  meteorological  tables 31,  153 

Hayes.     Physical  observations,  Arctic  teas  (s.  c.) . . 196 

Heney.    Electro-magnetic  telegraph.,. 116 

Henry.     Investigation  of  illuminating  materials 389 

Henry.     Lightning  rods 237 

Henry.    Researches  on  sound 406 

HiLGARD.    Tides  and  tidal  action™ 390 

Holmgren.    Color-blindness 399 

Hunt.     Chemistry  of  the  earth 376 

Kane.    Physical  observations,  Arctic  seas  (s.  c.) 198 

Meeoh.    Heat  and  light  of  the  sun  (s.  c.) 83 

Kewton.     Metric  weights  and  measures 371 

Taylor.    Henry  and  the  telegraph _..  405 

Taylor.     Kinetic  theories  of  gravitation 395 

Taylor.    Nature  and  origin  of  force — _ 375 
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PHYSIOS— Continued.  J^ 

* 

ScHOTT.     Base  chart  of  the  United  States ^...-...^  0$ 

Secchi.    Blectrieal  rheometry  (s.  c.) —     • 

Whittlksxt.    Fluctuations,  level  of  lakes  (8.  c.) «..  131 


XXVI.— PHYSIOLOGY.     (See  Anatomy,  etc.) 


XXVII.— TECHNOLOGY.    {See  Chemistry,  etc.) 


.i 


XXVIII.— TERRESTRIAL  PHYSICS. 

Bache.     Discussion  of  magnetic  observations  (s.  c.)...1, 113;  II,  121;  111,132;     i 

rV-VI,  162;  VII-IX,  175;  X-XII,  186;  I-XII,19I     ^ 

Bache.    Magnetic  survey  of  Pennsylvania  (s.  c.) lH 

Barnabd.    Problems  of  rotary  motion,  and  precession  of  equinoxes  (s.  c.)_  9# 

CoFFnr.    Winds  of  the  globe  (s.  c.) M 

Coffin.    Winds  of  the  northern  hemisphere  (s.  c.) .«.     H 

Davis.     Dynamical  action,  etc.,  of  the  flood  tide  (s.  c.) H 

Force.     Record  of  auroral  phenomena  (s.  c.) H 

Hayes.     Physical  observations  in  Arctic  seas  (s.  c.) 111 

Henry.     Circular  relative  to  altitudes P§ 

Hilgard.     Tides  and  tidal  action  in  harbors ^  M 

Hunt.     Chemistry  of  the  earth tt$^ 

Kane.     Magnetical  observations  in  the  Arctic  seas  (s.  c.) 

Xane.     Physical  observations  in  the  Arctic  seas  (s.  c.) llt'i^ 

Kane.     Tidal  observations  in  the  Arctic  seas  (s.  c.) Hi*- 

Locke.     Observations  on  terrestrial  magnetispi  in  United  States  (s.  c.) ..^     !§'«- 

MiJLLER.     Observations  on  terrestrial  magnetism  in  Mexico  (s.  c.) ^  lid 

Olmstead.     Secular  period  of  the  aurora  (s.  c.) _.     flL 

SoNNTAQ.     Observations  on  terrestrial  magnetism  in  Mexico  (s.  c.) j-  lid 

Whittlesey.     Fluctuations  of  level  in  the  North  American  lakes  (s.  a)«.—  Uf 


XXIX.— ZOOLOGY. 

Birds.  ijll 


Baird.     Arrangement  of  birds 

Baird.    Catalogue  of  birds,  4to 

Baird.  "  "         8vo 
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ZOOLOGY-Continued.  CaSogue. 

Baird.     Instructions  for  collecting  bird's  nests  and  eggs 139 

Baird.     Review  of  birds,  part  I 181 

Brxwbr.     North  American  oology,  part  I  (s.  c.) 89 

Circular,  birds  of  South  America . 168 

Desiderata  of  birds  of  Mexico,  Central  America,  etc ^ 185 

Elliot.     List  of  TrochilidsB,  (humming  birds) .^ 334 

Elliot.     Monograph  of  Trochllidae  (s.  c.) 317 

KiDDBR  and  Const}.     Birds  of  Kerguelen  Island . . 293 

Lawrence.     Birds  of  Mexico . J —  295 

LiLLJEBORG.    Outline  of  classification  of  birds 364 

RiBQWAT.     Catalogue  of  old  world  birds  in  Museum 462 

RiDOWAT.     Nomenclature  of  North  American  birds 422 

Fishes, 

Baird.     Circular  for  shipping  fresh  fish -—^ *_ 384 

Baird.     Circular  relative  to  food  fishes « . 234 

Baird.     Fishes  of  New  Jersey  coast 348 

Baird.    Inquiry  relative  to  food- fishes 231 

BsAir.     Direations  for  collecting  and  preserving  fish 464 

Gill.     Arrangement  of  fishes 247 

OiLL.     Bibliography  of  fishes  of  Pacific  coast 463 

Gill.    Catalogue  of  fishes 283 

Gill.    Fishes  of  Western  North  America 307 

GiRARD.     Monograph,  cottoids  (s.  c.) 30 

Goode.     Berlin  exhibit  of  fisheries  and  fish  culture 413 

GooDE.     Fishes  of  Bermuda— 296 

Jordan  and  Brayton.    Fishes  of  South  Carolina,  (Georgia,  and  Tennessee  _.  308 

Jordan.    Notes  on  cottidss ^ 306 

Jordan.    Notes  on  Rafinesque's  memoirs,  North  American  fishes 305 

JnsecU* 

A0A88IZ.     Classification  of  insects  (s.  0.) 16 

Circular  to  entomologists . 178 

Circular  concerning  department  of  insects 448 

Ds  Saussure.    Monograph  of  wasps,  hymenoptera 254 

Haoen.    Synopsis  of  neuroptera 134 

Le  Conte.     Classification  of  coleoptera,  part  I 136 

LeConte.               "           r          "           part  II 265 

Ls  Covte.    Kan'ras  and  New  Mexico  coleoptera  (s.  c). — . 126 
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ZOOLOGY— Contmaed. 

Lb  Cohtb.     List  of  coleoptera 

Ls  GoifTB.     New  species  of  coleoptera,  part  I 

LbComtb.  "  "  part  II 

LoBW.     Monog^ph  of  diptera,  part  I 

LoBW.  "  "        part  II 

LoBW.  "  "        part  III 

Melshbimbr.     Catalogue  of  coleoptera 

MoBRifi.     Catalogue  of  lepidoptera 

MoBRifi.     Synopsis  of  lepidoptera 

Obtbn  Sackbn.     Monograph  of  diptera,  part  IV 

OsTXH  Sackbk.     Catalogue  of  diptera 

Packard.    Directions  for  collecting  insects 

SciTDDBB.     Catalogue  of  orthoptera 
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m 
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SdtofHtnals, 


Allbn.     Monograph,  North  American  bats ^ 

Baird.    Catalogue,  mammals 

OiLL.     List  of  families  of  mammals .» 


M. 


MoUuaJcs. 


Tkton.     Land  and  fresh-water  shells,  part  IV.    StreponJktidM « 


BiKKET.     Bibliography  North  American  conchology,  part  I Ml 

BiNNEY.  "  "  "  **     II 01 

BiKNEY.     Land  and  fresh-water  shells,  part  I.     Pulmonata  geopbila ]|l< 

BiNNEY.         "  "  "         "     II.     PulmonaU  Limnophila yiM\ 

BiNNEY.         "  "  "        "     III.    Ampullariid©,  eke M#^ 

Carpenter.     Mollusks  of  Western  North  Ajnerica 

Carpenter.     Chitonide 

Carpenter.     Lectures  on  mollusca 

Check  list  of  shells 

Circular  for  collecting  shells 

Dall.     Index  of  names  applied  to  braohiopoda 

Exploring  expedition,  duplicate  shells 

Gill.     Families  of  mollusks 

Lewis.     Instructions  for  collecting  land  and  fresh-water  shells ... 

Prime.     Corbiculada 

Stimpson.    HydrobiinsB .«« 
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Radiates, 

Baibd.     Circular  for  collectings  cray-flsh 319 

Clark.     LucernarisB  (s.  c.) 242 

Rathbun.    List  of  marine  invertebrates  distributed,  series  II... 465 

Rathbux.        "            **               "                   "               "       III 471 

8TIMP80V.     Marine  invertebrata  of  Grand  Manan  (s.  c.) 50 

Reptiles, 

Baibd  and  OiRARD.     Catalogue  of  serpents . 49 

Baird.     Circular  on  collecting  reptiles 320 

CopR.    North  American  batrachia  and  reptilia ... 292 

MiTCHRLL  and  Morrhoitsr.    Chelonia  (s.  c.) .«., 159 

SKelU.    (SeeMollusks.) 
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SMITHSONIAN  MISCELLANEOUS  COLLECTIONS.     {Oetavo.) 
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Date. 
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379  Eulogy  on  A.  D.  Bacho.    Henkt 


OF  THE  SMITHSONIAN   INSTITUTION.  115 

PUBLICATIONS  HAVING  SEPARATE  NUMBERS— Continued. 

Vol.  of 
Report. 

380  Scientific  Education  of  Mechanics.     Peabody 1872 

382  North  American  Stone  Implements.     Rau 1872 

385  Ancient  Aboriginal  Trade.     Rau.._ — 1872 

386  Crystallography.     Brbzina 1872 

389  Investigation  of  Illuminanta.     Henry 1880 

390  Tides.     Hiloard 1874 

392  Prehistoric  Antiquities  of  Hungary.     Romer 1876 

393  Mound  Builders  and  Ancient  Man  in  Michigan.     Gillman 1873  and  1875 

394  Stone  Age  in"  New  Jersey'.     Abbott 1876 
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430  "              '*         Botany.     Parlow J 1880 

431  "              "         Zoology.     Gill 1880 

432  *•              •*         Anthropology.     Mason 1880 

433  Report  of  Visit  to  Luray  Cave.     Mason 1880 
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,  Lixunts. 
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Barometer,  Green's  standard 148 

Barometer,  horary  variations  of  the— F.  Vaillant;  J.  Henry.     (R.  1866)  __    214 

Barometer,  influence  of  rain  upon  the — J.  Hann.     (R.  1877) 828,  398 

Barometer,  rain  and  snow  gauges — R.  H.  Gardiner.     (R.  1858) 109 

Barometer  tables,  on  construction  of— F.  F.  Tuckett.     (R.  1867) 215 

Barometer  tube  breaking  suddenly — L.  F.  Ward.     (R.  1866) 214 

Barometer  tubes,  on  filling — J.  Green  ;  W.  Wurdbmann.     (R.  1859) 110 

Barometers  at  the  Kew  Observatory,  verification  of— J.  Welsh.     (R.  1859).-.     110 

Barometers,  experiments  on  aneroid — B.  Stewart.     (R.  1868) 224 

Barometric  minima  and  rainfall— J.  T.  Reye.     (R.  1877) 828,  898 

Barometric  observations,  discussion  of  Snell's — F.  H.  Loud.     (R.  1880)  _.  442,  435 

Barometric  observations,  results  of 157 

Barometric  variations  and  atmospheric  currents,  relation  between — M.  Peslin. 

(R.  1877) - - 328,898 

Barometrical  tables — A.  Guyot 158 

Barrandt,  a.     Ancient  earthworks  on  thoupper  Missouri.     (R.  1870) 244 

Barrandt,  A.     Haystack  mound,  Dakota.     (R.  1872) 271 

Bartlett,  J.  R.     On  publication  of  Squior  and  Davis'  Ancient  Monuments. 

(R.  1847) : - H,  K 

Bartram,  J.     Antiquities  of  Florida.     (R.  1874) — 286 

Base  chart  of  the  United  States— C.  A.  Schott 414 

Bases,  ammonia-cobalt,  researches  on — W.  Gibds  ;  F.  A.  Genth 88 

Bases,  organic— A.  Bauer.     (R.  1872) —     271 

Batavian  Society  of  Experimental  Philosophy,  Rotterdam.     Prize  questions. 

(R.  1861) 149 
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Bath  and  Wert  of  Enj^Und  Society  fur  en^oura^tneot  of  Agriculture.  Ant, 

«tc.    Exchuigfi.     (R.  IMT) — -___„ m 

Batis  nuritiiM— J.  Torret «[ 

BatMchU,  North  AitiBrie»n— E.  D-  Copk !■ 

BatiiMGOuntof  rsnhirkAbla  accumulation  of— M.  FroAXtBSBK.     (R.  18U) 

BUM  at  North  America,  monograph  of— H.  Allbk 

Baubb,  a.     Organif:  bnses.     (E.  1872) 

Bay  of  Fundy,  msiitie  invertebrala  of— W.  SronflO* 

Bead,  colorad,  tnm  &  taaaad  at  Black  H&mmock,  Florida — A.  H.  Bamimox 

(B.  1877) m 

Bead,  polychrome,  A-om  Fturidn—S.  S.  Halsbmax.     (IL  1877) SSt.lH 

Bkak,  T.  H.— 

Oheek-lUt  of  tithes  distributed  by  SmiLhsonian  InnitulJoii.     {?    ISmi  _   I 
Deecription  of  a  new  hake  (PhytU  Earlii)  and  note  on  fAyrF-  r,j.o. 

(P.  1880) „. ____   i 

Deeoriptioo  of  new  flsh  from  Aluka,  Aimrrhieliat  laplitniM.  al>  ! 

genu*.    (P.  1879) 

Deacription  of  ncn  iparoid  Ssfa,  Sarffut  HolbriMltii,  from  Bavii', 

(P.  1878) „ . 

DeMription  of  new  spcciei  of  Amiurvi  from  the  MUaiuippi.       i 
DeMription  of  iio>ir  speciM  of  GaiUrottaa  from  Schoodic  Luk<      'i 

(P.  1879)  _ , 

Deacription  of  species  of  Lyeedet  [L.  Turaeri)  from  Alaska.     (P.  ISTI).  I 

Descriptions  of  gcneni  and  specie  of  Aluhan  Sihei.     (P.  1871t) I 

Descriptions  of  new  fishes  from  Alaska  and  Siberia.     (P.  1881)  ' 

Descriptions  of  new  aperies  of  flEhes  (UroniiUa  marginabt  and  Pciaiim 

eoftua  Banlirei,)  aad  of  Myelopkam  eramlart.     (P.  1891 1 — 

Descriptions  of  species  of  Qshes  collected  by  Dugfs  in  Mexico.     <P.  \fPt\  | 
Directions  for  oollccting  and  preserving  fish.     (P.  1881).. 
Fishes  of  Arctic  America,     ( Bull.  IG,  U.  S.  National  Hui 
Identity  of  Ku chain rodat  Puliuimi  with  FUurotueUt  globrr  and  » 

on  habits.     (P.  1878) 

List  of  Europpiin  llshcs  in  National  Musenm.     (P.  18T9) 

Notes  on  colleciiun  uf  fishea  frum  jastero  Oeorgia.     (P.  187!*) 

Notes  on  fish<v>  tollocled  by  H.   E.   Nicholi  in  British  C^.Iuml.iasJ 
Alaska,  wiih  descriptions  of  new  species  and  new  genat  (/Wob^l 

(P.  1881) 

Notes  on  flihes  from  HudFon'i  Bay.     (P.  1881) 

Occurrence  of  Hippoffloamt  eulgarU  in  Alaska.     (P.  ISTSJ^. 
Occurrence  of  StkAoius  punctatua  at  St   Miohttel'*,  Alaska.    (P.  H 
Partial  bibliognipljy  of  HsliL-g  of  Pacific  ro,ii[  '>r  United  SulMUd  A 

for  1880.     (P.  1881) 

Preliminary  catalogue  of  flshes  of  Alaskan  wsI«ti> 
Species  of  Aitntecpu*  of  Bastern  United  StfttM 
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N,  T.  H. ;  GrOODE,  G.  B.— 

Catalogue  of  Stearns's  fishes  of  Florida  and  descriptions  of  new  species. 

(P.  1879) 888 

Catalogue  of  Velie's  fishes  in  Gulf  of  Mexico  and  description  of  new 

species.     (P.  1879)  _ -_.^- _ 888 

Craig  fiounder  of  Europe  (Olypioeephalua  cynogloBsun)  on  coast  of  North 

America.     (P.  1878) 882 

Description  of  Alepocephalua  Bairdiij  new  deep-sea  fish,  western  Atlantic. 

(P.  1879) _-     888 

Description  of  Argentina  ayrtenaiunif  new  deep-sea  fish,  Sahle  Island 

bank.    (P.  1878) -     382 

Description  of   Caulolaiilus  micropa  from  Gulf  coast  of  Florida.     (P. 

1878) - 1 832 

Description  of  Ly codes  paxUlus.     (P.  1879) , 388 

Description  of  new  genus  and  species  of  fish,  LopholatUuB  chamceleonticepsj 

from  Now  England.     (P.  1879) - J,     838 

Description  of  new  species  of  fish,  Apogon  pandionia^  from  mouth  of 

Chesapeake  Bay.     (P.  1881) - 467 

Description  of  new  species  of  fish  {Lufjanua  Blaekfordii  and  Lu^janu8 

Siearnsii)  from  coast  of  Florida.     (P.  1878) 882 

Descriptions  of  gadoid  fishes,  Phyeia  che$teri  and  Haloporphynia  viola^ 

from  northwestern  Atlantic.     (P.  1878) 882 

Identity  of  Brotmiua  broame  AmerieanuSf  Gill,  with  Broamiua  broame 

(Miiller)  White.     (P.  1878) 882 

Identity  of  Rhinonemua  caudacuta  with  Qadua  cimbriua.     (P.  1878) 832 

New  genus  of  fishes,  Benihodeamtia,     (P.  1881) 467 

New  serranoid  fish,  Epinephelus  Drummond'Hayif  from  Bermudas  and 

Florida.     (P.  1878) - J    382 

New  species  of  Liparia  (L.  ranula)  from  Halifax.     (P.  1879) 888 

^oiQ  on  Platesaa  ferruginea  h,Xi^  PlaUaaa  roatrata,     (P.  1878) 882 

Note  upon  black  grouper  (Epinepkelua  nigriiua)  of  the  Southern  coast. 

(P.  1878) - 882 

Occurrence  of  Lyeodea  Vahlii  on  La  Have  and  Grand  Banks.     (P.  1879.)  888 

Oceanic  bonito  on  coast  of  United  States.     (P.  1878) 882 

^rcHAMP,  W.  M.     Wampum  belte  of  the  Six  Nations.     (R.  1879) 846 

ufort,  (N.  C.,)  library,  deposit  of,  by  E.  M.  Stanton.     (R.  1862) 150 

ufort,  N.  C,  notes  on  fishes  of— D.  S.  Jordan.     (P.  1880) 426 

Jfort  harbor,  notes  on  fishes  of— D.  S.  Jordan  ;  C.  H.  Gilbert.     (P.  1878)  332 

^MONT — See  De  Beaumont. 

^TEMPS-BBAUPRfc,  C.  F.,  memoir  of,  by  Elie  de  Beaumont.     (R.  1868). _  187 

'^er,  on  the  habite  of  the— Felix  R.  Brunot.     (R.  1878) 276 

'•r  Island,  Mich  ,  natural  history  of— J.  J.  Strang.     (R.  1854) 76 

^iBBy  O.  F.    Atomic  weight  determinations 358 
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Becquerel,  a.  £.    Forests  and  their  climatic  inflaence.     (B.  1M9)---,. 


Becquebel,  a.  E.    Preservation  of  copper  and  iron  In  salt  water.    (R.  1881)  1 

Beirut,  Syria,  account  of  sarcophagus  from — A.  A.  ELaKWOOD.     (B.  1870) J 

Beldu^o,  L.     Additions  to  North  American  bird  fauna  by — B.  BnxiVAT. 
(P.  1881).- ^ 

Beldixo,  L.    Partial  list  of  birds  of  central  California.     (P.  1878) I 

Belgium,  Archsological  Academy  of.     ArchsBological  congress  organized  bj. 
(R.  1866) I 

Belgium — See  Prize  questions. 

Belgium,  Society  of  Science,  etc. — See  Prise  questions. 

Belone  exilis,  generic  relations  of— D.  8.  Jordak  ;  0.  H.  Gilbert.    (P.  1860)  ^ 

B^lone  latimanus,  9ccurrence  of,  in  Buzzard's  bay — O.  B.  Goods.     (P.  1878)^  i 

Bsin>iRE,  C.     Notes  on  Salmonidce  of  Columbia  river.     (P.  1881) ^ 

Benthodesmus,  a  new  genus  of  deep-sea  fishes — G.  B.  Gtoode;  T.  H.  Bka5. 

(P.  1881)- ^ 

Bequest  of  A.  D.  Bacbe  to  National  Academy  of  Sciences.     (R.  1872) 271,1 

Bequest  of  S.  Habel.     (R.  1879) 

Bequest  of  J.  Hamilton  to  Smithsonian  Institution.     (B.  1872 ;  R.  1878)  ..  271« 

Bequest  of  Smithson,  act  of  Congress,  July  1,  1886,  accepting.     (R.  1853) 87,f 

Bequest  of  Smithson,  exposition  of — J.  Henrt ... I 

Bequest  of  Smithson,  history  of -_ SS8,il 

Bequest,  Smithson  and  his— W.  J.  Rhees.     (R.  1879) S45,<l 

Berexdt,  C.  H. — 

Collection  of  historical  documents  in  Guatemala.     (R.  1876) —  • 

Explorations  in  Central  America.     (R.  1867) .  fH 

On  the  Carib  language  and  people.     (R.  1878) tt 

recommendation  of,  by  British  Minister.     (R.  1865) ^  j^^  W^ 

recommendation  of,  by  Guatemalan  Minister.     (R.  1865) ...«•  W 

recommendation  of,  by  L.  Molina,  Costa  Rican  Minister.     (R.  1865)—  tf 

Bexu^andier,  L.     Catalogue  of  collection  of  historical  and  geographical  maaa* 

scripts,  maps,  &c.,  of  Mexico.     (R.  1854) .— .    » 

Berlin  Fisheries  Exhibition,  additions  to  museum  from.     (R.  1880) .-^  V 

Berlin   Fisheries   Exhibition,  catalogue  of  United  States'   exhibit  at — G.  E 

GOODE ^^„mm  •. 

Bermuda,  birds  of— T.  Bland;  J.  R.  Willis.     (R.  1858) ..—  • 

Bermudas,  catalogue  of  fishes  of — G.  B.  Gk)0DE ,  ■■,,>  ^ 


Bermudas,  fishes  from,  mistakenly  described  as  new  by  Gunther — O.  B. 
(P.  1878) 1 ;- 

Bermudas,  new  serranoid  fish  from — G.  B.  Goods;  T.  H.  Beait.    (P«  m|«* 

Bern  Museum,  request  for  bison.     (R.  1865) 

Beroids,  relation  of  lucernarians  to— H.  J.  Clark ......«• 
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Berbiek,  J.  McPhsrson.    Construction  of  act  establishing  Smithsonian.     (R. 

1868) - 67 

Bebthoud,  E.  L.    Ancient  remains  in  Colorado.     (R.  1867) . 21& 

Berthoud,  E.  L.     Antiquities  of  Colorado.     (R.  1871) 24^ 

Bbbthband,  M.     Life  and  works  of  Kepler.  (R.  1869) 22S 

Best  hours  for  temperature  observations — C.  Dewey.     (R.  1860) 147 

Bethitne,  C.  J.    Acknowledgment  of  books.     (R.  1861) 14^ 

Bibliographia  Americana  Historico-Naturalis  for  1851 — C.  Gibabd 4S 

Bibliographia  Americana,  prospectus  of  a — H.  Steyens.     (R.  1848) I 

Bibliographical  index  of  North  American  Botany — 8.  Watsok 25S 

Bibliographical  sketches  of  vestiges  of  antiquity  in  United  States — S.  F.  Hayex  71 

Bibliography  of  algae— H.  C.  Wood _ 241 

Bibliography  of  American  natural  history  for  1851 — C.  Gibabd 4S 

Bibliography  of  anthropology— O.  T.  Mason.     (R.  1880) 442,  432 

Bibliography  of  atomic  volume  and  specific  gravity,  expansion,  and  boiling  and 

melting — F.  W.  Clabke 266^ 

Bibliography  of  Chinook  jargon— G.  Gibbs „ 161 

Bibliography  of  Dakota  language— S.  R.  RiQOS 40 

Bibliography  of  diptera— C.  R.  Osten  Sacken_— « 270 

Bibliography  of  diseases  of  joints,  bones,  larynx,  eye,  gangrene,  etc. — W.  W. 

Keen - 800 

Bibliography  of  expansion— F.  W.  Clabke 289 

Bibliography  of  fishes— T.  Gill.— 247 

Bibliography  of  fishes  of  Pacific  coast  of  United  States  and  Alaska  for  1880— 

T.  H.  Bean.    (P.  1881) 467 

Bibliography  of  fishes  of  Pacific  coast  of  United  States— T.  Gill 463 

Bibliography  of  mammals— T.  Gill 280 

Bibliography  of  mollusks- T.  Gill 227 

Bibliography  of  nebulsa,  clusters,  milky  way,  nebular  hypothesis,  etc. — E.  S. 

HOLDEN .311 

Bibliography  of  North  American  conchology  previous  to  1860.     Part  i.    Ameri- 
can authors — W.  G.  BiNNEY— ..— - 142 

Bibliography  of  North  American  conchology  previous  to  1860.     Part  ii.    For- 
eign authors— W.  G.  Binney - 174 

Bibliography  of  ornithology :  faunal  publications  relative  to  British  birds — E. 

CouES.     (P.  1879) 888 

Bibliography  of  orthoptera— S.  H.  Scuddeb 189 

Bibliography  of  rattlesnakes,  serpent  venom,  etc. — S.  W.  Mitchell . 185 

Bibliography  of  specific  heat— F.  W.  Clabke _«.  276 

Bibliography  of  Yoruba  language — ^T.  J.  Bowen. 98 

Bibliography,  plan  of— J.  Fbiedlandeb.     (R.  1858) — 109 

Biela's  comet,  investigations  of— J.  S.  Hubbabd.     (R.  1862) —  160 

Big  elephant  mound  in  Grant  county,  Wisconsin— J.  Wabneb.     (R.  1872)...  271 
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BiNKET,  W.  G.— 

Bibliography  of  North  American  conohology  previom  to  IML  M 
American  authors ...... .. ^_^,^■■■     „■,■■, 

Bibliography  of  North  American  conchology  prerioui  to  186QL    At 
Foreign  authors .. . ....-        ,    , 

Check-list  of  shells  of  North  America .    ■■ ..... 


Land  and  fresh-water  shells  of  North  America.    Part  i .. 


Land  and  fresh- water  shells  of  North  America.    Part  ii .••—• • 

Land  and  fresh-water  shells  of  North  America.     Part  in.. 

Biographical  memoir  of  Joseph  Henry — A.  Gbat.  '  (R.  1878)  — .....  Ill 

Biographical  notice  of  L.  Agassiz — B.  Faybe.     (R.  1878) ......... 

Biographical  notice  of  L.  Agassiz — J.  A.  Garfield.     (R.  1873) ....« 

Biographical  notice  of  L.  Agassiz— P.  Parker.     (B.  1878) ...^ 

Biographical  notice  of  S.  P.  Chase — J.  A.  Garfield.     (R.  1878) .« 

Biographical  notice  of  S.  P.  Chase— H.  Hamlin.     (R.  1878) .... 

Biographical  notice  of  W.  H.  Harvey— A,  Gray.     (R.  1867) «.« 

Biographical  notice  of  Charles  C.  Jewett — R.  A.  Guild.     (R.  1857)...... 

Biographical  sketch  of  Dom  Pedro  II— A.  Fialho.     (R.  1876) -..- 

Biography  of  Condorcet— P.  Araoo.     (R.  1878) ■,„^ 

Biography — See  Memoirs. 

Bird,  a  new  humming,  from  Guatemala — R.  Ridoway.     (P.  1878)       ^^ 

Birds,  acknowledgment  of — Academy  of  Sciences,  Stockholm.     (R.  1807) . 
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rds,  acknowledgment  of— J.  Gould.     (R.  1867) ... 

rds,  acknowledgment  of — Hungarian  National  Museum.     (R.  1863)  ..•. 

rds,  alphabetical  index  of  genera  of — S.  F.  Baibd ..   . 

rds,  American,  instructions  for  collecting  nests  and  eggs  of — S.  F.  Bi 
(R.  1868) - 

rds  and  mammals  of  Missouri  rivor,  list  of — E.  Harris.     (R.  1850)  ^., 

rds,  arrangement  of  families  of — S.  F.  Baird ^-r,„,. 

rds,  bibliography  of  British— E.  Coues.     (P.  1879) _ 

rds,  catalogue  of  North  American — S.  F.  Baird.     Octavo .-....•« 

rds,  catalogue  of  North  American — S.  F.  Baibd.     Quarto .  ,»».^ 

rds,  catalogue  of  Old  World,  in  Nat.  Museum  — R.  Ridoway.     (P.  itot) 

rds,  circular  relative  to  collections  of -.•«.«...-, 

rds,  dates  of  first  appearance  of — F.  B.  Hough .   ,  ^^^ , 

rds,  description  of  new  species  of,  from  Costa  Rica — R.  BilKIWAT.     (P. ) 

rds,  descriptions  of  new — R.  Ridgway.     (P.  1881) — .-..^•  — 

rds,  descriptions  of  several  new  species  and  races  of,  in  KatioDttl  Xam 
R.  Ridoway.     (P.  1878) .-^-. 

rds,  desiderata  among  North  American — R.  Ridgwat.    (P.  Ittl). 

rds'  eggs,  suggestions  for  forming  collections  of — A.  Kswimr  ^^ 

rds,  humming,  list  of— -D.  G.  Elliot -    ^ 
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Birds,  list  of  describedi  of  Mexico,  Central  America,  and  the  West  Indies,  not 
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Birds'  nests  and  eggs,  instructions  for  collecting . 189 

Birds,  new  species  and  races  of  American,  and  synopsis  of  genus  Tyrannua — R. 

BiDOWAY.     (P.  1878) 882 

Birds,  new  species  of  Turdidcsj  from  Dominica — G.  N.  Lawrence.     (P.  1880)  425 

Birds,  nomenclature  and  catalogue  of — R.  Ridoway 422 

Birds.     North  American  oology— T.  M,  Bbbwer 89 

Birds,  notes  on  some  Costa  Rican — R.  Ridoway,    (P.  1881) 467 

Birds  of  Antigua,  catalogue  of  Ober 's  collection  of— G.  N.  Lawrence.  (P.  1878)  882 

Birds  of  Arctic  America — L.  Kumlien 842 

Birds  of  Barbuda,  catalogue  of  Ober's  collection — G.  N.  Lawrence.    (P.  1878)  882 

Birds  of  Bermuda— T.  Bland;  J.  R.  Willis.     (R.  1868) 1 109 

Birds  of  Caribbee  Islands— F.  A.  Ober.     (R.  1878) 841 

Birds  of  Central  California— L.  Belding.     (P.  1878) 882 

Birds  of  Chester  county,  Pennsylvania — V.  Barnard.     (R.  1860) 147 

Birds  of  District  of  Columbia,  list  of— E.  CouES;  S.  S.  Prentiss.  (R.  1861)..  149 

Birds  of  Dominica,  catalogue  of  Ober's  collection  of— G.  N.  Lawrence.     (P. 

1878) 882 

Birds  of  Grenada,  catalogue  of  Ober's  collection — G.  N.  Lawrence.     (P.  1878)  882 

Birds  of  Guadeloupe,  catalogue  of  Ober's  collection — G.  N.  Lawrence.  (P.  1878)  882 

Birds  of  Heligoland— H.  Garke.     (P.  1879) _.  888 

Birds  of  Kerguelen  Island— J.  H.  Kidder;  E.  Coues 293 

Birds  of  Lesser  Antilles,  catalogue  of  Ober's  collection  of — G.  N.  Lawrence, 

(P.  1878) 882 

Birds  of  Martyiique,  catalogue  of  Ober's  collection  of— G.  N.  Lawrence.     (P. 

1878) - - - -  882 

Birds  of  Middle  and  South  America  not  in  National  Museum — R.  Ridoway. 

(P.  1881) - 467 

Birds  of  Missouri  river— E.  Harris.     (R.  1860) 28 

Birds  of  North  America,  nomenclature  and  catalogue  of — R.  Ridoway.  (P.  1880)  426 

Birds  of  Nova  Scotia— Blackiston ;  T.  Bland;  J.  R.  Willis.     (R.  1868)  —  109 

Birds  of  Saint  Vincent,  catalogue  of  Ober's  collections  of — G.  N.  Lawrence. 
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Part  IV.    Atomic  weight  determinatioDt — O.  F.  Be( 

Part    v.     BecalculaUon  of  atomic  weights — P.  W.  Clakkb  _ 

First  supplement  to  Part  i.     Specific  gravities,  boiling  poinuaa 

points— F.  W.  Clabkk _, 

Constants  of  nature — J.  LbContb.    (B  1878) 

Constants  of  nature  and  art,  tables  of— C.  Babbaob.     (R.  18S6) 

Construotion  of  act  establishing  Institution— J.  HcP.  Btnuuai.    (B.  Ufi|| 
Oonstmotion  of  catalogusa  of  libraries — C.  C.  Jbwbtt  ,m 

-Oonstroction  of  silvored  glass  t«lescope— E.  Dbapkk  , 
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Contact,  catalytic  force  or  phenomena  of— T.  L.  Phipson.    (R.  1862)  -     150 

CoKTAXAKi,  MiM  E.  B.,  present  of  album  from  Greece.     (R.  1867) 107,  827 

Contrast  of  colors— A.  Moiono.     (R.  1866) 214 

Contribution  to  history  of  fresh-water  algsD  of  North  America — H.  C.  Wood..  241 

Contributions  to  Annals  of  Philosophy — J.  Smithson.     (R.  1868) 67,  330 

Contributions  to  history  of  marine  alge  of  North  America — See  W.  H.  Harvey. 

Contributions  to  Knowledge,  vols,  i-xziii..  2,  26,  38,  39,  55,  56,  76,  78,  92,  99, 
111,  112,  151,  184,  206,  211,  229,  246,  272,  284,  285,  340,  346 

Contributions  to  Knowledge,  catalogue  of,  and  index 478 

Contributions  to  National  Museum,  and  their  acknowledgment.     (P.  1881.)  467,  473 

Contributions  to  natural  history  of — 

Arctic  America — L.  Kumlien ^ .^^ 342 

Fanning  Islands — T.  H.  Stbkets 808 

fresh-water  fishes  of  North  America — C.  Gibabd 30 

Hawaiian  Islands — T.  H.  Streets 808 

Kerguelen  Island,     i.  Ornithology — £.  CouES 298 

Kerguelen  Island,     ii.  Oology,  botany,  etc. — J.  H.  Kidder  and  others..    294 

Lower  California — T.  H.  Streets ■  -- 808 

Contributions  to  North  American  ichthyology — 

Part  I.  Review  Rafinesqtie'e  memoirs — D.  S.  Jordan 305 

Part  II.  Notes  on  CotiidcB;  sysopsis  SiluridoB-^'D.  S.  Jordan . ^  306 

Part  III.  Fishes  Alleghany  region ;   synopsis  Catoaiomidas — D.  S.  Jor- 
dan; A.  W.  Brayton 308 

Contributions  to  physical  geography  of  United  States — C.  Ellet,  Jr 13 

Contributions  toward  monograph  of  the  pandoridsd— P.  P.  Carpenter 252 

Converging  series  expressing  ratio  between  diameter  and  circumference  of 

circle — ^W.  Fsrrsl 233 

Cook,  C.    Manufacture  of  porpoise  oil.     (P.  1878) 882 

Cooper,  J.  6.~ 

Distribution  of  forests  and  trees  of  North  America,  and  catalogue  of 

native  trees  of  United  States.     (R.  1858) 109,  351 

Forests  and  trees  of  Florida  and  Mexican  boundary.     (R.  1860) 147 

Migrations  and  nesting  habits  of  west  coast  birds.     (P.  1879) -.  888 

Cops,  B.  D.— 

Genera  and  species  of  rattlesnakes . 185 

North  America  batraehia  anS  reptilia 292 

Zoological  position  of  Texas 412 

CoppicSy  H.     Report  of  Committee  on  Smithsonian  Museum.     (R.  1874) 286 

Copper  and  iron  in  salt  water,  preservation  of — A.  £.  Bbcqxjerbl.     (R.  1864.)  188 

Copper  region,  circular,  ancient  mining  in  Lake  Superior — J.  Hann.     (R. 

1861) - 149 

Coptic  language,  introduction  to  the  study  of  the — M.  Kabis.     (R.  1867) 216 

Copyright  books  from  1846-1849,  list  of— C.  C.  Jswstt.     (R.  1850) 28 
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Copyright  system  and  Smithsonian  lihrary — 0.  0.  Jbwktt.     (R.  ^ft^^)  K 

Copyrights,  circular  respecting — J.  Henry.     (R.  1864) — . II 

CorhiculadsB,  American,  monograph  of — T.  Primb US 

Corcoran  Art  Gallery,  list  of  deposits  in,  by  Smithsonian  Institution.   (B.  1874)  M 

Corcoran  Art  Gktllery,  report  of  Committee  of  Regents  on.     (R.  1872)  ._^   Sfl 

Corcoran,  W.  W.     Deed  of  gift  establishing  Art  (Jallery.     (R.  1872)  .—  271,01 

Cordoba,  Argentine  Republic,  account  of  astronomical  observatory  at — B.  A. 

Gould.     (R.  1878) —  »l 

Corner-stone  of  Smithsonian  building,  address  at  laying — G.  M.  Dallas...  D,tt 

Corner-stone  of  Smithsonian  building,  ceremonies  at  laying  of.     (R.  1847)  _  H,  81 

Coronado's  march  in  search  of  the  *^ seven  cities  of  Cibola" — J.  H.  Siicpsov. 

(R.  1869) » 

Correspondence — 

abstracts  of  anthropological—O.  T.  Mason.     (R.  1880) ^ itt 

extracts  from.     (R.  1866,  1868-1868,  1866-1867, 1878)—  77,  109.  110, 147. !«, 

160,  187,209,214,215,111 

meteorological — £.  Foreman.     (R.  1861) H 

relative  to  publication  of  memoir  by  Squier  and  Davis .. K 

relative  to  Smithson  and  his  bequest dl 

summary  of  anthropological.     (R.  1879) . 

Correspondents — 

domestic,  list  of.     (R.  1868  ;  R.  1872) 67,  271, 

foreign,  list  of 64,  154,  225,  243,801 

foreign,  systematic  index  of 2W 

Costa  Rica — 

kitchen-midden,  note  on  shells  from — W.  H.  Dall.     (P.  1878) Ml 

minister,  letter  of,  recommending  Dr.  Berendt.     (R.  1865) •• 

notes  on  birds  of— R.  Ridgway.     (P.  1878;  P.  18^1) 332,10 

University  of,  exchange  of  specimens.     (R.  1867) W 

Cottidae,  description  of  a  new  genus  and  species  of — W.  N.  LocKiNGToy.     (P. 

1881) -'• 

Cottidce,  notes  on — D.  S.  Jordan HI 

Cottoids,  monograph  of — C.  Girard — .    Ji 

Cotton,  amount  of  crop,  and  price  in  Japan — Japanese  Legation.     (P.  1881)  iff 

Cotton  fibre,  catalogue  of  Japanese,  presented  to  National  Museum.     (P.  1881)  Iff 

COUES,  E. —  1 

Birds  of  Kerguelen  Island — ...••.^  Iff" 

List  of  faunal  publications  relating  to  British  birds.     (P.  1879)  ^^-.—   H 

Oology  of  Kerguelen  Island ..^«.— ...^    18 

CouES,  E. ;  Kidder,  J.  H.     Study  of  Chionis  minor ,«.>>^»>,,,,.   H 

CouEs,  E. ;  Prentiss,  S.  S.     List  of  birds  of  District  of  Colambia,    (B.1881)   M 

Cox,  S.  S.     Address,  memorial  of  Joseph  Henry ,  ■,-„,,.,h»..,«..  ■»   V 

Cox,  S.  S.     Eulogy  on  Stephen  A.  Douglas.     (R.  1861) ,..,   ,,,.^^  W^0 
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Cbaio,  B.  F.     Nitrification.     (R.  1861) — 149 

<Obaio,  B.  F.  ;  Lieut,  ton  Karolti.    Products  of  combustiQn  of  gun-cotton 

and  gunpowder.     (R.  1864) 188 

Craig  flounder  of  Europe    (Olyptocephalus  cynoglo99ua)  on  coast  of  North 

America—G.  B.  Goodb;  T.  H.  Bkan.     (P.  1878) — 882 

Crania  Helvetica— P.  Tboyom.     (R.  1864) 188 

Oraw-flsh,  circular  of  inquiries  relative  to 319 

Creation,  visible,  lecture  on  vastness  of— S.  Alkxandbb.     (R.  1857) 107 

Cree  Indians,  system  of  relationship  of— E.  A.  Watkiitb.     (R.  1862) 160 

Cremnobates,  occurrence  of,  at  San  Diego,  California — R.  Smith.     (P.  1880)..    425 

Cbessok,  J.  C.    Cightning  discharges.     (R.  1867) 215 

Cretaceous  fossils,  check-list  of— P.  B.  Meek 177 

Cretaceous  fossils  from  Arkansas  and  Colorado — 0.  A.  White.     (P.  1881) 467 

Cretaceous  reptiles  of  United  States— J.  Leidy.     (R.  1864) ^ 188, 192 

Cricetodipus  parvus,  a  rare  rodent— P.  W.  Tbue.     (P.  1881) 467 

Criocardium,  note  on— 0.  A.  White.     (P.  1879) . 888 

Criticisms  of  Dr.  J.  Hann,  replies  to  the— W.  Febrel.     (R.  1877) 828,  898 

Cbook,  6.    Indian  mode  of  making  arrow-heads  and  obtaining  flre.     (R.  1871.)    249 

Crozet  flora — J.  H.  Kiddeb 294 

Cbummell,  A.    Facts  respecting  Liberia  Oollege.     (R.  1861) 149 

Crust  of  the  earth,  revolutions  of  the — G.  Pilab.     (R.  1876) 299 

Crustacea — 

fresh  water,  circular  of  inquiries  relative  to 319 

notice  of,  dredged  off  south  coast  of  New  England  by  Fish  Commission — 

S.  I.  Smith.    (P.  1880)- 426 

'notice  of  new  species  of  Willemsesia  group  of— S.  I.  Smith.     (P.  1879.)    888 

of  Hawaiian  and  Fanning  Islands  and  Oalifornia — T.  A.  Stbeets 808 

Crustacean  destructive  to  submarine  timber  on  coast  of  United  States — S.  I. 

Smith.    (P.  1879) 888 

Crustaceans  of  Kerguelen  Island — S.  I.  Smith 294 

Crustaceans,  voices  of— G.  B.  Gk)0DE.     (P.  1878) 1. 882 

Cryolite  of  Greenland— Lewis  ;  Quale.     (R.  1866) 214 

Cryptogamous  plants,  present  state  of  knowledge  of— W.  Reichabdt.    (R.  1871)  249 

Crystalline  rocks,  metamorphism  and  the  formation  of — G.  A.  Daubb^e.     (R. 

1861) *. !.._ 149 

Crystallography,  explaifation  of  principles  of— A.  Bbezika.     (R.  1872)  _.  271,  386 

Crystallophysics,  explanation  of  principles  of— A.  Bbezina.     (R.  1872)  ..  271,  386 

CULBEBTBON,  T.  A. — 

Expedition  to  the  Mauvaises  Terres  and  Upper  Missouri.     (R.  1850) 28 

Indian  tribes  in  Upper  Missouri.     (R.  1850) 28 

Sioux  of  the  Upper  Missouri.     (R.  1850) 28 

Culture,  flsh— iS^  Fish. 

CUKABD,  E.    Free  freight  between  United  SUtes  and  England.     (R.  1859.)  110,  829 
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OunmiaHAii,  K.  M. ;  Oaub,  A.  8.    SbelMu^i  on  HoUU  riw.    (B.n 
OmT«DU,  elMtrical,  of  the  ewtb— O.  HArmraoi.    (tL  1887)  _ 
OnrrMit*  at  mt— 

and  Mrial  naTJgatioD— J.  Hsntx.    (R.  1880) 

Uw  of  TarUtioQ  of  tempoKtim  in  aKoading — J.  Sakv.    (R.  UTT.)  IB^fl 
l>w  of  TarUtion  of  tempentuM  ia  uoaDdli^  moist — I^  SoHnxs.    (B. 

1877) 1 

utaK  of— A.  OoLDora.    (B.  1877) . i 

reUUon  between  berometrio  vutattone  and— H.  P»uv.    (B.  18T7)-  I 
CortiM,  A.  H.,  no'i.e»  on  collection  of  fiifae*  made  1^ — D.  8.  Jokdav.    (P.  IW)  I 
ODBHnro,  7.  H.    Antiqnitie*  of  Orleani  conn^,  Hew  Tork.    {RMViVj  _ 
Cnatomt,  collecton  of,  to  recwve  and  tnuumit  ipeclmaDB  to  SmiUwoniaa  „ 

OuTTS,  J.  B.    Ancient  lelica  in  nortliweetem  Iowa.    (R.  1873) 

OlTTIKB,  Baron  O.— 

history  of  the  worki  of,  by  H,  Fi^ukbki.     (B.  1868) 

memoir  of ,  by  M.  PUidkkmb.     (R,  1868) . 

Henoir  of  Ren6  Jiut  Haay.     (B.  1880) . __„ 

Memoir  of  Prieatloy.    (B.  1808) .* 

Cybium,  notee  on  American  ipeciei  of — F.  Pobt.     (P,  1878) 

Cyclone  in  the  Indian  Ocean— N.  Pikk.    {B.  1887) . 

Gyolopborida — W.  O.  Bimntr , 

Cymatogtuter  rosacoiu— D.  S.  JoutAX ;  0.  H.  Oilbbbt.    {P.  1880) 

Cyprinid»,  notes  on — D.  8.  Jordan ,     . 

Cyprinoid  Ssbm  of  San  Francisco  market — D.  S.  Jou>ak,     (P.  1880) 


U. 


Daa,  Ii.  K.    Btbnological  rnuMnrn  of  Norway.    (R,  1862) 

Dacentriu,  n(He  od— D.  S.  Jordan.     (P.  1880) 

Da  Costa,  J.  M.     On  strain  and  over-ACtion  of  Ihebeart.     Tuner  lector*  S 
Oablbeso,  R.  N.  and  C.     Ancient  pottery  at  Pitt«burg,  on  Dea  XolnM 

(R.  1879) ...,.,. 

Dakota— 

bibliograpby— S.  B.  Bta«» . „„. 


fable,  A  dog't  terenge— S.  B.  BlOOS.     (B.  187B-80). 

grammar  and  dictionary — S.  B.  Biooe 

Fort  Wnd«wortb,  Indian  mounda  near — A.  J, 
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Dakota,  Lincoln  county,  haystack  mound  in— A.  Barbandt.    (R.  1872) 271 

Dakota  or  Sioux  Indians— A.  G.  Brackktt.     (B.  1876) 299 

Dakota  or  Sioux  Indians,  language  of— F.  L.  O.  Roeh&io.     (B.  1871) 249,  878 

Dall,  W.  H.— 

Distribution  of  California  tertiary  fossils.     (P.  1878) .: 882 

Explorations  on  western  coast  of  North  America.     (B.  1878) 275 

Fossil  mollusks  from  later  tertiaries  of  California.     (P.  1878) 382 

Index  of  Brachiopoda • i 30* 

Limpets  and  chitons  of  Alaskan  and  Arctic  regions.     (P.  1878)  .. 832 

Mollusks  of  Arctic  America _„ 342 

Mollusks  of  Kerguelen  Island -94 

New  mollusks  from  Alaska  in  National  Museum.     (P.  1878) 882 

New  species  of  shells  from  California  in  National  Museum.     (P.  1878)-.  382 

Note  on  shells  from  Costa  Bica  kitchen-midden  collected  by  Drs.  Flint 

and  Bransford.     (P.  1878) _. 332 

On  genera  of  chitons.     (P.  1881) 467 

Postpliocene  fossils  in  coast  range  of  California.     (P.  1878) 832 

Bemains  of  later  prehistoric  man  from  caves  in  Alaska ^ 318 

Dallas,  G.  M.     Address  at  laying  corner-stone  of  Smithsonian  building D,  329 

Dalton,  J.  C.     Origin  and  propagation  of  disease.     (B.  1873) 275 

Daltonism,  etc^A.  Moiono.     (R.  1866) 214 

Dakilseh,  a.  P.     Mound  in  East  Tennessee.     (B.  1868) 187 

Danish  Boyal  Society  of  Arts  and  Sciences.     Prize  questions.     (B.  1862|  1865, 

1867) 160,209,215 

Darlinqtom,  W.     History  of  Chester  county,  Pennsylvania.     (R.  1862) 160 

Darlingtonia  Californica — J.  Torbey 61 

Darwin,  C.     Queries  about  expression  for  anthropological  inquiry.     (R.  1867)  215 
Daubr£b,  G.  a.     Metamorphism  and  formation   of  crystalline  rocks.     (R. 

Daubrbe,  G.  a.     Synthetic  experiments  relative  to  meteorites.     (R.  1868) 224 

Davis,  A.  C.    Antiquities  of  Isle  Royale,  Lake  Superior.     (R.  1874) 286 

Davis,  C.  H.     Law  of  deposit  of  flood-tide 33 

Davis,  C.  H.     Occultations  in  United  States,  1852 — 29 

Davis,  E.  H.     On  ethnological  research.     (R.  1866) 214 

Davis,  E.  H.  ;  Squier,  E.  G.     Ancient  monuments  of  Mississippi  valley 1 

Dayton,  E.  A.     Explorations  in  Tennessee.     (R.  1870) —  244 

Deaf  mutes,  sign  language  of— G.  Mallery.     (E.  1879-80) 476 

Dean,  C.  K.     Mound  in  Wisconsin.     (R.  1872) — .  271 

Dean,  C.  W.     Lightning  discharges.     (R.  1867) 215 

Dean,  J.    Gray  substance  of  medulla  oblongata ,_— , ,^  173 

De  Beaumont,  E. — 

Memoir  of  0.  F.  Beautemps-Beaupr^.    (B.  1868) 187 
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Dx  BxAUMOHT,  E. — Continaed.  <>; 

Memoir  of  Auguste  BravaU.     (B.  1869)^..^^ ,.   „  .„  ,,.„  li 

Memoir  of  L^endre.     (B.  1867) ..— ,^«« «^  iM 

Memoir  of  Oersted.     (B.  1868) 91 

Dk  BulTntille,  D.,  memoir  of,  by  M.  FLomuars.    (R.  1865) .....—  9 

Ds  Candolle,  a. — 

Causes  which  limit  vegetable  species  towards  the  north.     (R.  1858) ..«.  M 

Probable  future  of  the  human  race.     (B.  1876) ..^  M 

Beport  on  transactions  of  Society  of  Physics  and  Natural  History  cC 
Geneva  for  1862.     (K  1864) -^.  ■ 

Beport  on  transactions  of  Society  of  Physics  and  Natural  History  cf  J. 
Geneva,  1878-1874.     (R.  1876) —  W 

Dk  Canbolle,  a.  ;  Gray,  J.  £.     On  a  dominant  language  for  science.    (L 

1874) • 

De  Candolle,  P.,  memoir  of,  by  M.  Floubehs.     (B.  1869) -^  fll; 

Deduction  and  induction — J.  von  Liebio.     (R.  1870) — 

Deed  of  foundation  of  Toner  lectures — J.  M.  Toiteb.     (B.  1872) lH 

Deed  of  foundation  of  Tyndall  scientific  fund-— J.  Ttkdall.     (B.  1872)  ..  SHf 

Deed  of  gift  of  Art  Gallery— W.  W.  Cobcokan.     (B.  1872) « 

De  Fobest,  E.  L.     Methods  of  interpolation.     Part  i.     (B.  1871) 

De  Fobest,  £.  L.     Additions  to  memoir  on  methods  of  interpolation.    Fvt 
II.     (B.  1878) 

De  Habt,  J.  N.     Mounds  and  osteology  of   mound-builders  of  Wiscoooi. 

(R.  1877)- • 

Dk  Ikisarri,  Guatemalan  minister,  recommendation  of  Dr.  Berendt  bj.    (R. 

1865).— "^ 

Delafield,  R.     Report  of  Committee  of  Regents  on  Washington  canal.    (S. 

1868) ^flk< 

Delambrk,  J.  B.  J.,  memoir  of,  by  J.  Fourier.     (R.  1864) ..—  li 

De  La  Rive,  A.  A. — 

Eulogy  on,  by  J.  B.  Dumas.     (R.  1874).. M>, 

Michael  Faraday,  bis  life  and  works.     (R.  1867) ,r-  m 


Phenomena  accompanying  propagation  of  electricity  in  rarefied  9mmm   j 
fluids.     (R.  1863) 1^ 

Report  on  transactions  of  Society  of  Physics  and  Natural  HitlHjr  if 
Geneva,  1858-1859,  1872-1873.     (R.  1859;  R.  1874) tt^l 

De  La  Rite,  A.  A. ;  Lemstrom,  S.     Electricity  of  the  atmocph«ro  ni  Al 
aurora  borealis.     (B.  1874). ^»»^ 

De  La  Buk,  W.     Abbreviations  used  in  England  in  1867.     (B.  1867). 

Delaunat,  C.     Essay  on  the  velocity  of  light.     (R.  1864)  -^,,    ,    ■_^^,   .r  tKli^ 

Delolepis,  new  genus  of  fishes,  description  of — T.  H.  Beajt.     (P.  1881)  •< 

Denmark,  preservation  of  antiquities  in — J.  J.  A.  Worsaajl     (R.  Mf 

Dennis,  W.  C.     Evaporation  in  Florida.     (R.  iftftfl) 

Dennis,  W.  C.    Fresh  water  in  the  ocean.    ( B.  1866) 
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Deposit  of— 

arrow-heads  near  Fishkill,  New  York--E.  M.  Shkpabd.     (R.  1877) 82S 

articles  by  Smithsonian  in  Corcoran  Art  Gkillery.     (R.  1874) 286 

Beaufort  Library— E.  M.  Stanton.     (R.  1862) 160 

Bishop  Johns'  Library— E.  Canby.     (R.  1862) 160 

flint  implemenU  in  Illinois— J.  F.  Snydkb.     (R.  1876) 299 

flint  implemenU  in  Southern  Illinois— 0.  Rau.     (R.  1868) 224,  440,  370 

flood-tide,  law  of— C.  H.  Davm 33 

Deposit,  shell,  in  New  Jersey— C.  Rau.     (R.  1864) 188,  440,  362 

Deposits — See  Shell  deposits. 

Dc  PBAD06,  Baron.     Eclipse  of  the  sun,  April  25,  1866.     (R.  1864) 188 

De  Saitsstjbb,  H. — 

Electric  resonance  of  mountains.     (R.  1868) 224 

Hymenoptera.     (R.  1862) 160 

Report  on  transactions  of  Society  of  Physics  and  Natural   History  of 

Geneva,  1870-1871.     (R.  1871) 249 

Synopsis  of  Veepidas,  (American  wasps) 254 

Db  Sghlaoiktwsit,  H.     Ethnographical  collections.     (R.  1862) 160 

Description  of — 

a  new  fish,  Apogon  pandionie-^,  B.  GU>odb;  T.  H.  Bbak.     (P.  1881)..  467 

a  new  fly-catcher  and  new  petrel  from  Sandwich  Islands — R.  Ridowat. 

(P.  1881)  . - -  467 

arnew  genus  and  species  of  CbtHdas — W.  N.  Lockikoton.     (P.  1881) 467 

a  new  gobioidflsh  (Othonopa  eoa)  from  San  Diego,  California — R.  Smith. 

(P.  1881)  - -. _ _ 467 

a  new  owl  from  Porto  Rico — R.  Ridowat.     (P.  1881) * 467 

birds — See  Proceedings  National  Museum. 

chitonide  and  acmsdids  from  Panama — P.  P.  Cabpenteb „^  262 

country  and  people  of  Yoruba,  Africa — T.  J.  Bo  wen 98 

fishes — See  Proceedings  of  National  Museum. 

fossil  plants  from  China — J.  S.  Newbebbt ^ 202 

Gobiesox  rhessodon  from  San  Diego,  California — R.  Smith.     (P.  1881)..  467 

human  skull  from  Rock  Bluff,  Illinois— J.  A.  Meigs,     (R.  1867)  ..j...  216 

magnetic  observatory  at  Smithsonian.     (R.  1869) . 110 

meteorological  instruments — L.  Casblla.     (R.  1869) 110 

new  fishes— T.  H.  Bean.     (P.  1881) 467 

new  fishes — See  D.  S.  Jordan  ;  C.  'H.  Gilbebt. 

new  species  of  Oen<rorcAwte—C.  L.  McKat.     (P.  1881) 467 

new*  subspecies  of  LoxigUla  from  island  of  St.  Christopher,  West  In- 
dies—G.  N.  Lawbbnce.     (P.  1881) 467 

new  thrushes— R.  Ridowat.     (P.  1881) 467 

obseryatories  at  Dorpat  and  Poulkoya — C.  Abbb.     (R.  1867) 216,  369 
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DsMription  of— Continued.  << 

0lwerTaU>r7BtSt.HkrtIn,IilaJ«M»,0uuKU  EMt — C. Smallwoob.   ^H 
1866) 

planb  collected  b;  J.  0.  Fremont  in  Oalifomia — J.  TonUT  .. 
remun»of  extinct  nuunnuJia  knd  ohelonta  from  Nobraak^— J.  LsaT_  \ 

DflTCriptioni  of— 

aaoieat  work*  in  Ohio — 0.  WhittlxkbT". 

BSTerml  new  race*  of  Amerinn  bird* — R.  Biimwat.    (P.  1681) - 

SmltbfODiiD  Bnemometar — i.  H»inT.     (B.  1800) 

BqualiuB  klicis  trom  UUb  Lftke— P.  L.  Jain.     (P.  1881)  .. 

two  new  TSM*  of  Myadaalta  obMeuma—lj.  Sr&nrsoKK.     (P.  1881)  - 

SMiderAta,  specikl,  among  North  American  Urdl,  liet  of— R.  Ricowat.    (P.  i 

De*  Hoine*  riTSr,  ancient  pottery  from — B.  N.  and  C.  OAHLBua.    (R.  int)  | 

Dea  Moine*  Tatley,  moundi  in— 8.  B.  Btavb.    (B.  1S70)  - 

DxsOB.E.  FalafltteaorlacnatriancoDstraotioD*,  LakeNencbttel.  (B.I86&)n.d 

Deatniotion  of  fiah  in  Quif  of  Hezico— J.  Y.  POBTsn.    (P.  1881) 

Dettniction  of  flsh— Aanbo  Fiih. 

DeatruetiTe  effect  of  iron  ru«t.    {B.  1861) 

Dktxsxdx,  J.  H.    Ancient  pottery  frmn  Arkania».    [R.  1872) 

Dkvxexox,  J.  H.     Catalogue  of  Indian  relic*  prtaented  to  SmithioniaB  iMIi-  I 
tution.    (B.  1872) L 

Diwxi,  0,— 

Best  hours  for  temperature  observationa.     (R.  1860) 

Best  hours  to  find  mean  temperature.     (R.  1657) 

life  of,  bJM.  B.  AHDansoM.     (B.  1870) 

The  winds.     (R.  1866) 

Diagnoses  dea  moliusques  nouveaui  provenant  de  Californie  et  faifant  panwii  J 
Musle  de  I'Institution  Smitbsunienne — P.  P.  Cilbpkntbr 

Diagnoses  of  new  forms  of  mollusks  collected  at  Capo  S(.  Lucas,  Lower  Ch^  I 
fornia — P.  P.  C^rfextib , 

Diagnoses  of  new  moliusks — 

collected  on  west  tropical  ahorei  of  North  America — P.  P.  Cal 

from  Beigen  Matatlan  collection — P,  F.  Caxpehtbk 

from  Vancouver  district— F.  P.  Cabpentkk 

from  west  coast  of  North  America — P.  P.  Carpektrk  .. 
from  west  tropical  region  of  North  America— P.  P.  Oaa) 

Diamond  and  other  precious  stones — J.  Babimbt.     (li 

Diary  of  an  excursion  in  New  Mexice — J.  H.  Cabi.kton.     (R.  UH)— 

Diatomacea — J.  W.  Bailkt 

Diatoroacea,  instrnctions  for  collecting,  preserving,  i 

Edwakds , 

DicxiNSOH,  A.  B     BrapUon  of  volcano  in  Ntcamgna,    f* 
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tionaiy  of— 

Carib  or  Karif  language — C.  H.  Berbndt.     (R.  1878) 276 

Chinook  jargon,  or  trade  language  of  Oregon — G.  Oibbs  — « 161 

Dakota  language — S.  R.  Bioos 40 

Yoruba  language  of  Africa — T.  J.  Bowek 98 

Yoruba  language  of  Africa — W.  W.  Turner 98 

^est  of  act  of  Oongress  establishing  Smithsonian  Institution — J.  Henrt..  O,  328 

LLE,  I.     Antiquities  in  Missouri  and  Tennessee.     (R.  1862) 160 

LLE,  I.     Sketch  of  ancient  earthworks  of  Ohio.     (R.  1866) 214 

ninution  of  aqueous  vapor  with  increasing  altitude — J.  Hann.    (R.  1877)  828,  898 

ninution  of  water  of  rivers  and  streams — H.  Q.  Wex.     (R.  1876) 298 

plomatic  agents,  circular  to,  relative  to  Morgan's  research 188 

ptera — 

described,  of  North  America,  catalogue  of — R.  Ostkn  Saoken 102,  270 

directions  for  collecting  and  preserving — R.  Osten  Sacken 102 

instructions  for  collecting — H.  Lokw;  R.  Osten  Sacken.     (R.  1868)  _.     109 

of  Arctic  America — S.  H.  Scuddkr _     842 

tera  of  North  America,  monographs  of — 

Parts  i-iii— H.  LoEW 141,  171,  256 

Part  IV — R.  08TEN  Sacken . 219 

ections  for — 

auroral  observations ~J.  Henry.     (R.  1866) 77 

collecting  and  preserving  diptera — R.  Osten  Sacken 102 

collecting  and  preserving  fish— T.  H.  Bean.     (P.  1881) 467,  464 

collecting  and  preserving  insects — A.  S.  Packard 261 

collecting  and  preserving  plants — L.  F.  Ward  . .. 460 

collecting  microscopic  organisms — J.  W.  Bailet .^ 68 

collecting,  preserving,  and  transporting  specimens  of  Diaiomaeea — A.  M. 

Edwards 366 

collecting,  preserving,  and  transporting  specimens  of  natural  history — 

S.  P.  Baird.     (R.  1866) — 91,  34 

constructing  lightning-rods — J.  Henrt 237 

earthquake  observations — J.Henry.     (R.  1866) 77 

meteorological  observations — A.  Guyot;  J.  Henry.     (R.  1866).  77,  19,  148 

'octory  of  officers,  collaborators,  employ^,  etc.,  of  the  Smithsonian  Institu- 
tion, National  Museum,  Geological  Survey,  Bureau  of  Ethnology,  and 
Pish  Commission 466 

oourse  on  J.  Henry — S.  B.  Dod -— —  866 

iovery,  meteorological— P.  L.  Capen.     (R.  1866) 214 

sovery  of — 

a  large  meteorite  in  Mexico — W.  M.  Pierson.     (R.  1878) 275 

pkuMt  Neptune,  report  on  history  of  the— B.  A.  Gould 18 

iiBMife  in  Tennessee— E.  M.  Grant.    (R.  1870) 244 
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Discovery  relative  to  magnetism ,  history  of.     (E.  1808) 

Discussion  of  magnetic  and  meterological  observations  made  at  Oirard  Oollqfi 
Observatory — A.  D,  Bache: — 

Part  I.  Eleven  year  period,  solar  diurnal  variation -«^ ^  UIKj 

Part  II.  Solar  diurnal  variation  and  annual  inequality 

Part  III.  Influence  of  moon  on  declination 

Parts  IV,  V,  VI.  Horizontal  component  of  magnetic  force,  etc. 

Parts  VII,  VIII,  IX.  Vertical  force 

Parts  X,  XI,  XII.  Dip  and  total  force 

Parts  i-xii.     Complete HI 

Discussion  of — 

meteorological  observations — See  Scbott. 

Piazzi's  astronomical  observations — B.  A.  Qoitld.     (R.  1863) MT 

relations  of  lucernarians  to  other  acalephse,  beroids,  and  polypi — H.  J. 
Clark 19 

SnelPs  barometric  observations— P.  H.  Loud.     (R.  1880) 442,40 

tables  and  charts  of  winds — A.  Woeikof % 

Disease  known  as  *' chorea,"  inquiries  relative  to — S.  W.  Mitchell.    (R.  1874)  M 

Disease,  origin  and  propagation  of — J.  C.  Dalton.     (R.  1878) 81 

Diseases  of  joints,  bones,  etc.,  bibliography  of  works  on — W.  W.  Keew • 

Dispersion  of  cloud  by  an  electrical  discharge — D.  W.  Naill.     (R.  1868) • 

Distinction  between  tornadoes  and  tempests — J.  B.  Lamarck.     (R.  1871) M 

Distribution  of — 

duplicate  fishes  of  Pacific  coast,  check-list  of — D.  S.  Jordan  ;    P.  L 

jouY.   (P.  1881) - m 

fishes  of  Alleghany  region  of  South  Carolina.  Georgia,  and  Tennessee^ 
D.  S.  Jordan;  A.  W.  Brayton .  |K 

forest  trees   in    Montana,  Idaho,  and  Washington — W.  W.  Jonxsojr. 
(R.  1870) SI 

forests  and  trees  of  North  America — J.  G.  Cooper.     (R.  1858) 109,M 

marine  invertebrates  from  National  Museum,  list  of — R.  RATHBtry.     (?. 
1881) 467,46S,in 

Smithson  income,  majority  and  minority  reports  of  Committee  of  Regenti 

on — J.  A.  Pearce;  J.  Meacham.     (R.  1853) .„,„  i7,fll 

specimens — See  each  annual  report. 

District  of  Columbia — 

flora  of— L.  F.  Ward.     (P.  1881) m^Uk  J 

list  of  birds  of— E.  Couks;  S.  S.  Prentiss.     (R.  1861) -    Vtf 

« 

meteorology  of — J.  Wissner.     (R.  1857) -  Ml 

prehistoric  remains  in — T.  R.  Peale.     (R.  1872) « „     ,    M^ 

Ditrema  ntripcs,  new  embiotocoid  fish  from  coast  of  California — ^D.  8.  JOHMVI 
C.  H.  Gilbert.     (P.  1880) ,- 

Documents,  collection  of  historical,  in  Guatemala — C.  H.  Bxasmiff.    (B»' 
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Documents  relative  to  origin  and  history  of  Smithsonian  Institution — W.  J. 

Rhbss 328 

DoD|  S.  B.     Memorial  discourse  on  J.  Henry — 866 

DoDGK,  G.  W.     Lightning  discharges.     (R.  1867) 215 

DoDO«,  N.  8.     Memoir  of  C.  Babbage.     (B.  1878) - 276 

Dodge,  N.  S.    Memoir  of  Sir  John  P.  W.  Herschel.     (R.  1871) 249 

Dog's  revenge,  a  Dakota  fable— S.  R.  Rigqs.     (E.  1879-80) 476 

Dolicbopodid»,  monograph  of — H.  Loew 171 

Domestic  institutions  in  correspondence  with  Smithsonian  Institution,  list  of..  69, 238 

Domestic  institutions  in  correspondence  with  Smithsonian  Institution,  number 

of 290 

Dominant  language  for  science— A.  Db  Gandolle;  J.  E.  Gray.     (R.  1874)..    286 

Dominica,  catalogue  of  Ober's  collections  of  birds  from — G.  N.  Lawrence. 

(P.  1878) - - 88? 

Dominica,  new  species  of  TurdidcB  from — G.  N.  Lawreitcb.     (P.  1880) 426 

DoNATi,  G.  B.     Phenomena  in  telegraphic  lines  during  aurora.     (R.  1872) 271 

Donations  to  library  from  foreign  institutions,  list  of.     (R.  1864) 188 

Dorosoma  cepedianum  heterurum,  (western  gizzard  shad,)  notes  on — S.  Wil- 

MOT.     (P.  1878) - 832 

Dorpat  and  Poulkova,  description  of  observatories  at — C.  Abbe.   (R.  1867)  215,  368 

Dorset,  J.  O.     Illustrations  of  method  of  recording  Indian  languages.  '  (£. 

1879-80)  476 

DorysomatidsB,  notes  on — D.  S.  Jordan 806 

Douglas,  S.  A.,  eulogy  on,  by  S.  S.  Cox.     (R.  1861) 149 

Douglass,  H.  M.    Translation  of  Weismann  on  change  of  Mexican  axolotl. 

(R.  1877) ^ 828,  401 

DowNSS,  J.     Occultations  of  planets  and  stars  by  the  moon,  1868 54 

DowNES,  J.     Occultations  visible  in  the  United  Stat^,  1848-1852..  8,  9,  10,  11,  28 

Doyle,  W.  E.    Indian  forts  and  dwellings,  Indian  Territory.     (R.  1876) 299 

Drainage,  sanitary,  of  Washington  city,  suggestions  for — G.  £.  Waring 349 

Draper,  H.^  account  of  telescope  of,  by  T.  W.  Webb.     (R.  1864) 188 

Draper,  H.    Construction  of  silvered  glass  telescope  and  its  use  in  celestial 

photography 180 

Drsutzeb,  O.  E.     Statistics  relative  to  Norwegian  mountains,  lakes,  and  snow 

line.     (R.  1866) - - —     214 

Drift,  fresh  water  glacial,  of  the  Northwestern  States— 0.  Whittlesey 197 

Drilling  in  stone  without  metal— C.  Rau.     (R.  1868) 224,  440,  372 

Drugs,  classification  of  forms  in  which  medicines  and,  appear  and  are  adminis- 
tered—J.  M.  Flint.     (P.  1881) —  467,  451 

Drugs,  memoranda  for  collectors  of— J.  M.  Flint.     (P.  1881) 467,  452 

Dual  character  of  the  brain.     Toner  lecture  No.  ii— C.  E.  Brown-Sequard  ..  291 
DUBY,  P.  A.     Report  on  transactions  of  Society  of  Physics  and  Natural  History 

of  Geneva,  1861.     (R.  1864). 188 
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Duck,  new  to  Nvrth  American  fBUna— B.  Rimitat,     (P.  1B81)  1. 
DUDLir,  T.    ButhqiMbe  at  New  Madrid,  MlMoari.     (B.  1858)  . 

DorouR,0.i  EImtz.    Saistillatioii  of  the ittn.    (K.  imi) 

I>uafe8,  A.,  Dotai  on  Sihei  collect«d  bj.  In  Uazioo— T.  H,  BlAM.     (P.  UTS)  _ 
Duofca,  A.,  notes  on  flshea  coIlMted  by,  in  Heiieo— D.  8.  Jobdav.    (P.  1BTB). 

Dubs  of  Northumberland,  account  of ^ _^_ 

Duke  of  Korthumherland,  booki  prewnted  by.    (B.  1860) _.__. 

DauAB,  J.  B.    Eulogy  on  A.  A.  De  La  Ri»a.    (B.  1874) 

DmroAK,  U.  L.    Traiulation  of  Holmgren  on  oolor-blindneia.    (B.  1877.)  ULM 
Dunkirk  Bociety  for  the  Xnconragenient  of  Sdences.    Prise  qneniona.    (1. 

1866;  B.  1878) _  m,M 

DimHItro,  B.  O.     Antiquitiea  in  Tenneuee.     (B.  1870) 

Duplicate  Bihee  dUtrtbuted  by  Smlthfooian—T.  H.  Bkam.    (P.  1880)  . 
Duplicate  ihelli  collected  by  the  United  StatM  Biploring  Espeditiva  under  C. 

■Wilbra —  ™ " 

DcFBt,  W.  ;  HxHST,  J.     Barthquabei  In  North  Oarolina,  1874.     (B.  1ST4t ,. 

DuTBEZ,  Y.     AtraoBpherio  electricity.     (R.  1858)— 

Dwellings  and  foHa,  Indian,  in  Indian  Territory— W.  E.  Dotlk.     {E.  1S7<]— 
Dyeing  purple,  ancient  and  modern.    (B.  1868).  — ._ . 


H.     ■ 

Earth- 
chemistry  of  the— T,  8.  HuKT,    (B.  1868) 

electrical  currents  of  the— C.  H.i.Ttsccci.    (K.  1667;  B.  1860) SU^fl 

figure  of  the— St.  M.  Hiriho.    (B.  IB68) 

internal  structure  of  the— J.  G.  Barxabd 

laws  uf  atmospheric  circulaUon  orer  the — J.  B.  Corrm 

revolutions  of  crust  of  the— O.  Filar.     (E.  1876) 

secular  variation  of  elements  of  orbit  of — J.  N.  Stockwxll  . 

Earthquake— 

at  New  Madrid,  Miwouri— T.  Dddlet.    (E.  1868)..- _ 

direotioDi— J.  Hknbt.     (B.  1865) 

in  Eattern  Mexico,  January,  1866 — C.  Sahtobiits.     (R.  1886}  _, 

in  Peru,  August  13,  1868— J.  T.  Camfbill.     (R.  1870) -_« 

phenomena,  on  observations  of— E.  Mallet.     (K.  1869),. 

Earthquakes — 

articles  on,  received  by  Smithsonian  Institution  and  dapodtiifalE 

of  Congress.     (R.  1871) — _^ 

aircular  relative  to— J.  Hkkbi ,i 
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^Earthquakes — Continued. 

in  Guatemala— A.  Caitudas.     (R.  1868) -  109 

in  North  Carolina,  1874— W.  Du  Pr6;  J.  Henrt.     (B.  1874) 286 

in  St.  Thomas— G.  A.  Latimer.     (R.  1867) — 216 

Jlarthwork,  double- walled,  in  Ashtabula  county,  Ohio— S.  D.  Peet.     (R.  1876)  299 

Earthworks — 

ancient,  of  Ashland  county,  Ohio— G.  W.  Hill.     (R.  1877) 828 

ancient,  of  Ohio,  sketch  of— I.  DiLLE.     (R.  1866) 214 

ancient,  on  upper  Missouri — A.  Barrandt.     (R.  1870).. 244 

in  Tennessee — J.  Jones 269 

in  Wisconsin— E.  E.  Breed.     (R.  1872) 271 

on  Arkansas  river — Mrs.  G.  Knapp.     (R.  1877) 828 

Earthworks — See  Mounds. 

Echinoderms  of  Kerguelen  Island — A.  E.  Ybrrill 294 

Echinoderms  of  northeastern  coast  of  America — A.  E.  Ysrrill.     (P.  1879; 

P.  1880) - 388,  426 

Eclipse — 

annular,  of  May  26,  1864 66 

of  the  sun,  April  26,  1866— Baron  De  Prados.     (R.  1864) —  188 

of  the  sun,  March  15,  1868,  map  of— T.  Hill 101 

of  the  sun,  July  18,  1860— J.  Lamont.     (R.  1864) 188 

of  the  sun,  September  7,  1868,  in  Peru — J.  M.  Gilliss 100 

Ecliptic,  obliquity  of  the — J.  N.  Stockwell 232 

Economic  geology  of  Trinidad— G.  P.  Wall  ;  J.  G.  Sawkiks.     (R.  1866) 91 

Education — 

acknowledgment  of  books  on — £.  Laboulatb.     (R.  1867) 216 

in  the  United  States,  project  of  an  outline  history  of — F.  A.  Packard. 

(R.  1863) _ _ 187 

scientific,  of  mechanics  and  artisans^-A.  P.  Peabody.     (R.  1872)..  271,  380 

Education,  Illinois  State  Board  of.     Meteorological  system  for  every  State. 

(R.  1866) 77 

Educational  series  of  marine  invertebrates  distributed  by  United  States  National 

Museum— R.  Rathbun.     (P.  1881)  — — 467,  465,  471 

Edwards,  A.  M.     Directions  for  collecting,  preserving,  and  transporting  dia- 

tomacea 366 

Edwards,  A.  M.     Results  of  examination  under  microscope  of  Japanese  infti- 

sorial  earths 202 

Edwards,  V.  N.     Occurrence  of  oceanic  bonito  {Orcyntis pelamys)  in  Vineyard 

Sound,  MassachusetU.     (P.  1878) - 332 

Edwards,  W.  H.     Diurnal  lepidoptera  of  Arctic  America 342 

Edwards,  W.  H.    On  lepidoptera 133 

Eels,  genitalia  of  male— S.  T.  Cattie.     (P.  1880) __. 425 

Effect  of  irritation  of  polarized  nerve— B.  F.  Lautenbach.     (R.  1878)..  841,  411 

Effect  of  lightning— S.  L.  Hillier.     (R.  1866) 214 
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Bffoct  of  mooD  on  the  wertlwr-J.  Hbkrt.     (B.  1871) 

SOOBU,  H.  F.  A.     Flor»  of  Sl  Croii  and  Virgin  Islands 

Bgging  eipedition  to  Shori  Lake,  Lake  Winnireg— D.  Gn»>r.     (R.  IB87)  -, 


.  l«l.l» 


Mr 


initTucUoni  for  eoUectlDg— S.  P.  Baird.     (B.  185S) 

inttrucUoiu  for  collect! tig— A.  Newtos 

InttmctioiUfor  collactingund  preserving— T.  U.  Brkwkk 

Horth  Amartoan — T.  U.  Brewer 

of  the  eight  North  Ainerictin  species  of  Empidonaett — T.  H.  Bm 

(P.  1879) 

■nggestioni  tor  forming  collflctions  of — A.  Nkwtoh 

B01.BTON,  T.— 

Cktalogue  of  iiiii)er*li  with  their  formulas  — 

Behema  for  quft1it>tiT«  determinations  by  blowpipe.     (B.  1873f.. 

translation  bj,  of  Brecina  oa  crjEtallugrapfay.- 

^ypt,  preuntation  of  book*  on— R.  LEPains.     (R.  1800) _ 

Xlastio  force  of  aqueous  vapor,  table  Tor  determining— .J.  H.  CorFiti ^ 

Electric  phenomenon— W.  F.  Oiykn.     (R.  1805) .. i 

Xleotric  rMonauce  of  mouatl^us,  observations  on— n.  DB  SADseuxB.     (B.  ISGS.J   : 
Slectrical— 

currents  of  the  earth— c.  Mattiucci.    (B.  1887;  R.  IMS) Slb,H 

dischuge,  diiperuon  of  a  cloud,  by  D.  W.  Naill,    [R.  I8S8) I 

rheometrj,  reiearcbes  on — A.  Ssccni .    ; 

Blectricit;—  ' 

aocouutsof  lightning  dischiirgejt.     (R.  1867) ....    ] 

aod  galvanism,  report  on  recent  progress  in — J.  Hdllkb.     (B.  tl!£T) 1 

and  niagnetism,  lal«r  viewa  of  connection  of^H.  Hkluholtz;  J.C 

Maxwbll.    (B.  1873)  ] 

atmospheric— F.  Dufbbz.     (R.  1858) 1 

considerations  00.     (R,  1867) 1 

of  atmosphere  and  the  aurora  borealis — S.  Lbmstkou  ;  A-  A.  Di  La     ' 

RiVB.     {R.  1874)  ._ 1 

of  induction  in  clouds  resolving  inUt  rain,  enow,  and  hail — F.  ZutfS- 

DBBCHI.     (B.  1870) 1 

phenomena  accompany]  ng  propBgatiun  of,  in  rarefled  elastic  fluid; — A.  A. 

DbLaRivb.     (B.  18ti3) ,    I 

presence  of,  during  fall  of  min— Prof.  Falmibki.     (R.  1870)  .. 

report  of  recent  progress  in — J.  Mvixxa.     (R.  1S60) 

Blectro-magnetic — 

seismograph— Prof.  Palmibkc.     (R.  1870)  .. 
telegraph,  Henry's  contribution  to— W.  B.  Taxlok. 
telegraph — Set  Henry ;  Telegraph. 
Electro-physiology,  leetures  on— C.  Hattkdooi.    (B.  Itf 


«* 


OF  SMITHSONIAN   PUBLICATIONS.  179 

Electrotypes  of  engravings  of  shells  granted  by  British  Museum.     (R.  1806)  _.    187 

Elements,  table  of  chemical  equivalents  of.     (R.  1864) . 188 

Elephant  mound  in  Grant  county,  Wisconsin — J.  Warner.     (R.  1872) 271 

Ellert,  R.  L.  J.     Address  of  the  President  of  the  Royal  Society  of  Victoria. 

(R.  1868) 224 

Ellbt,  C.     Physical  geography  of  Mississippi  valley 13 

Elliot,  D.  G.    Classification  and  synopsis  of  TrochUidm 317 

Elliot,  D.  G.     List  of  described  species  of  humming  birds 334 

Elliott,  R.  8.    Climate  of  Kansas.     (R.  1870) 244 

Ellsworth,  E.  W.     Ancient  implement  of  wood  ft'om  Connecticut.    (R.  1876)    299 

Embarrass,  Wisconsin,  pits  at— E.  E.  Breed.     (R.  1877).. - 828 

Embryology  of  insects — L.  Agassiz 16 

Empidonaces,  notes  on  nestfi  and  eggs  of  the  eight  North  American  species  of — 

T.  M.  Brewer.     (P.  1879) 888 

Employ^  of  Smithsonian  Institution,  National  Museum,  Geological  Survey, 

Bureau  of  Ethnology,  and  Fish  Commission,  directory  of 466 

Enckb,  J.  P.,  memoir  of,  by  G.  Haoeh.     (R.  1868) 224 

Endlioh,  p.  M. — 

Analysis  of  water  destructive  to  fish  in  Gulf  of  Mexico.     (P.  1881) 467 

Geology  of  Kerguelen  Island 294 

List  of  minerals  in  National  Museum,  1878, 1879.   (R.  1878;  P.  1880)  276,  426 

Endothyra  ornata,  note  on — C.  A.  White.     (P.  1879) 888 

Enoel^ardt,  M.     Formation  of  ice  at  the  bottom  df  water.     (R.  1866) 214 

Engslmann,  G.     Heights  of  mountains  in  Colorado.     (R.  1862) 160 

Engineers,  Civil,  London  Institution  of.     Prize  questions.     (R.  1862) 160 

England — 

abbreviations  used  in— W.  De  La  Rue.     (R.  1867) 216 

free  freights  between  the  United  States  and — B.  Cumard.     (R.  1859) 110 

Salisbury,  notice  of  Blackmore  Museum  at.     (R.  1868) ^  224 

English  and  French  weights  and  measures — See  Tables. 

English  vocabulary  with  comparative  words  in  Spanish,  French,  and  Latin 170 

Engravings — 

of  shells,  electrotypes  of,  granted  by  British  Museum.     (R.  1868) 187 

on  the  face  of  rocks  in  the  Sierra  Nevada— J.  G.  Bruff.     (R.  1872)  ...  271 

presented  to  Smithsonian  Institution,  catalogue  of— C.  B.  KiKO.  (R.  1861.)  149 

Entomologists,  circular  to 1 178 

Entomologists,  instructions  to 261 

Eocene  and  oligocene  invertebrate  fossils  of  North  America,  check-list  of — T. 

A.  Conrad 200 

BoFP,  J.     Habits  of  black  bass  of  the  Ohio.     (R.  1864) 76 

Ephemeris  of  the  planet  Neptune,  1848-1852— S.  C.  Walker 4,  5,  6,  7,  24 

Spinephelus  Drummond-Hayi,  a  new  serranoid  fish  from  the  Bermudas — G.  B. 

Goods;  T.  H.  Bean.    (P.  1878) 882 


180  ALPHABETICAL  INDEX 

Epinephelus  nigritus  of  the  southern  coast,  note  upon — Q.  B.  Goods  ;  T.  H. 
BiLAJT.    (P.  1878) 

Equilibrium  of  a  liquid  mass  withdrawn  fh>m  the  action  of  gravity — Sm  J. 
Plateau. 

Equinoxes,  precession  of  the — J.  G.  Barnabd —- ^ . —  240 

Equinoxes,  precession  of  the — J.  N.  Stockwsll «—,„»— .....—  2SS 

Equivalents,  chemical,  of  sixty-three  elements,  table  of.    (B.  1864) -i.-.  188 

Ebkst,  G.  a.    Meteorology  of  Caracas,  South  America.     (B.  1867) 216 

Erosions  of  the  earth's  surface  by  rivers,  etc. — E.  Hitohoook . . 90 

Eruption  of  volcano  in  Nicaragua — A.  B.  Dickikson.     (B.  1867) 215 

Eruption  of  volcano  of  Colima — G.  Sartobixtb.     (B.  1869) ^ 

Eryontide,  notice  of  recent — S.  I.  Smith.    (P.  1879) ... i. 


ESPT,  J.  P.,  notice  of,  by  A.  D.  Bachs.     (B.  1869) 110 

EsPT,  J.  P.    On  meteorolc^^.    (B.  1847) H 

Esflay  on  geographical  distribution  of  batrachia  and  reptilia — ^E.  D.  Cops 292 

Esflay  on  velocity  of  light— C.  Dslattitat.    (B.  1864) 188,  354 

Establishment  and  officers  of  the  Smithsonian  Institution  and  National  Museum.  449 

Establishment  of  the  Smithsonian  Institution,  Journal  and  By-Laws^  of.     (B. 

1868) ^ 67,829 

EsTis,  L.  C.    Antiquities  of  Minnesota,  Mississippi  river,  and  Lake  Pepin. 

(B.  1866) 214 

Estimate  of  population  of  the  world— E.  Maillt.    (B.  1878) . 276 

EtheostomaUdfB,  notes  on — D.  S>.  Jobdan ^^..^^ ^  806 

Ethmocardium,  note  on— 0.  A.  White.    (P.  1879) ^  888 

Ethnographical — 

collections— T.  Ltmak.     (B.  1862) 160 

collections«-H.  DS  Schlagiktweit.    (B.  1862) — 150 

collections,  the  Schlagintweit — H.  Zisoekbals.     (B.  1867) 215 

Ethnological — 

collections  of  museum  at  Lausanne,  report  on — F.  Tboton.     (B.  1861).  149 

department  of  the  French  Exposition,  1867.     (B.  1867) 215 

map  of  North  America,  suggestions  relative  to — L.  H.  Moboan.    (B.  1861)  149 

map  of  the  United  States— G.  Gibbs.     (B.  1862) 150 

memoir  of  Squier  and  Davis,  correspondence  relative  to  acceptance  of, 

for  publication K 

museum  of  Norway — L.  K.  Daa.     (R.  1862) 150 

research— E.  H.  Davis.     (R.  1866) 214 

specimens  presented  by  University  of  Ghristiania,  Norway.    (B.  1863)-.     187 

suggestions  for  Russian  America — G.  Gibbs : 207 

Ethnology  and  archaeology,  circular  relative  to  collections  in 205 

Ethnology  and  philology,  instructions  for — G.  Gibbs 160 

Ethnology,  articles  on.     (R.  1867-1870-1877, 1879, 1880)- 215,  244,  249,  271,  275,  286, 

298,  299,  828,  846,  442 


OF   SMITHSONIAN   PUBLICATIONS.  181 

thnology — 

Leipsic  Museum  of— O.  T.  Mason.     (R.  1878) 276 

of  Arctic  America — L.  Kumlibn 842 

of  Colonia  Tovar,  Venezuela,  South  America — A.  Fkndler.     (R.  1857)  107 

of  Indians  of  Red  river  of  the  North— W.  H.  Gardner.    (R.  1870) 244 

physical,  lecture*  on— D.  Wilson.     (R.  1862) 150 

present  state  of,  in  relation  to  form  of  human  skull — A.  Rbtzius.     (R. 

1859) _- 110 

thnology,  Bureau  of — 

catalogue  of  linguistic  manuscripts  in  library  of — J.  C.  Filling.     (E. 

1879-80) _ -  476 

directory  of  officers  and  employes  of 466 

first  annual  report  of— J.  W.  Powell 476 

uchalarodus  Putnami,  identity  of,  with  Pleuronectea  glaber — T.  H.  Bean. 

(P.  1878) - - 882 

ulachon  or  candle  fish  of  northwest  coast — J.  G.  Swan.     (P.  1880) 425 

ulogy  on — 

Ampere,  by  F.  Arago.     (R.  1872) 271 

A.  D.  Bache,  by  J.  Henry.     (R.  1870) — —  244,  379 

A.  A.  De  La  Rive,  by  J.  B.  Dumas.     (R.  1874) - 286 

Stephen  A.  Douglass,  by  S.  S.  Cox.     (R.  1861) 149 

Cornelius  C.  Pelton,  by  T.  D.  Woolsey.     (R.  1861) 149 

Joseph  Fourier,  by  F.  Arago.     (R.  1871) 249 

Herschel,  by  F.  Arago.     (R.  1870) 244 

Gay-Lussac,  by  F.  Araoo.     (R.  1876) — 299 

La  Place,  by  F.  Araoo.     (R.  1874) — 286 

Quetelet,  by  A.  Mailly.     (R.  1874) _ 286 

James  A.  Pearce,  by  A.  D.  Bache.     (R.  1862) 150 

Gen.  J.  G.  Totten,  by  J.  G.  Barnard.     (R.  1865) 209 

Alexander  Volta,  by  F.  Arago.     (R.  1875) —  298 

Henry  Wilson,  by  P.  Parker.     (R.  1875) A 298 

Thomas  Young,  by  F.  Arago.     (R.  1869) - 228 

ulogy — See  Memoir,  Life,  Biography. 

lUrope — 

causes  which  limit  vegetable  species  towards  the  north,  in — A.  De  Can- 

dolle.     (R.  1858) 109 

certain  storms  in  America  and,  December,  1886 — E.  LooMis 127 

man  as  the  contemporary  of  the  mammoth  and  reindeer  in.     (K.  1867) 215 

study  of  high  antiquity  in— A.  Morlot.     (R.  1862;  R.  1864) 150,  188 

Europe,  middle,  fauna  of,  during  stone  age — L.  Rutimeyer.     (R.  1861) 149 

ITAHS,  J.    Climate  of  Colorado.     (R.  1865) 209 

Itaks,  S.  B.     Notes  on  mounds  in  Des  Moines  valley.     (R.  1879) 846 

iTaporaiion  in  Florida— W.  C.  Dennis.     (R.  1866) —  214 


t 


182  ALPHABBTICAL   I9DBX 

ETaporation  obaenred  at  Palermo  in  1865  and  1866 — F.  Taocbisi.     (BL  ISHl)  1 

Emrrr,  E.    Beport  on  Jeweit 's  general  stereotype  calalogae  of  paVlie  UbnriiL    ff 

Etkbstt,  E.     Beport  on  organization  of  Smithsonian  Instltatlon.     (BL  ISSl]    If*; 

EynnT,  J.  D.     Under-ground  temperature.     (R.  1874) -  1 

Evolution  of  language—J.  W.  Powkll.     (K  1879-^) III 

Examination — 

microscopical,  of  soundings — J.  W.  Bailxt W 

of  J.  Henry  by  English  Scientific  Commission . tB 

of  specimens,  rules  for.     (R.  1880) 4M 

of  Spencer's  telescope  for  Hamilton  College.     (R.  1855) 7f 

Excelsior,  Minnesota,  mounds  near— F.  H.  Nutter.     (R.  1879) Ml 

Exchange  of  publications — 

Agricultural  Association  of  Milan.     (R.  1868) VB 

Chamber  of  Commerce  of  Bordeaux.     (R.  1863) W 

Royal  Horticultural  Society,  London.     (R.  1861) !• 

Exchange  of  specimens — 

Hamburg  Zoological  Gardens.     (R.  1867) _    US 

Hamilton  College,  Clinton,  New  York.     (R.  1861) HI 

W.  A.  Llotd.     (R.  1867) SI 

Museum  of  National  University  of  Greece.     (R.  1867) M 

University  of  CoeU  Rica.     (R.  1867) HI 

Exchanges — 

American  Academy  of  Arts  and  Sciences,  Boston,  thanks  for.    (R.  1855; 

R.  1867) 77,111 

Bath  and  West  of  England  Society  for  Encouragement  of  Agriculture, 

Art5,  etc.     ^R.  1867} I fli 

circular  relative  to  scientific  and  literary til 

Government  of  Bremen,     i  R.  1865) 91 

W.  HixcRS.     (R.  I860) Ur 

international,  report  on — G.  H.  BoEnsiKR #if 

list  of.     ParUi.  II:. Tt|il 

list  of.  to  1S58._ _ -.m     ' 

Mexican  Society  of  Geography  and  Statistics.     i^R.  1861,  1865) Mb  W 

Mining  Department,  Melbourne.     (R.  1865).    ..^    91 

F.  Miller.     (R.  1860) W 

reports  on.     (R.  18aS-1867,  1873) 07,  7G,  77,  91,  107,  109,  UO^  WflB, 

150,  187,  188,  200,  »4|  Sllb  M    j 

J.  RosiXQ.     (R    1865) m 

Royal  Academy  of  Science,  Madrid.     (R.  1861) .^    HI 

St.  Petersburg  Academy  of  Science^,     i  R.  1867) —. —    W 

statistics  of,  1846-1877 .,    flU 

Excursion  in  New  Mexico,  diary  of— J.  H.  Carlkton.     (B.  iftB^  H 

Executive  Committee  of  RegenU— 5?^  a/«>  each  annual  report. 


OF  SMITHSONIAN   PUBLICATIONS.  188 

Executive  Oommittee  of  Regents,  journal  and  reports  of,  1846-1876 329 

Exhibit  by  the  Smithsonian  Institution  at  Centennial  Exhibition,  report  on 

proposed  plan  of— S.  F.  Baird.     (R.  1876) 298 

Exhibit  of  fisheries  of  United  SUtes  at  Berlin  Fisheries  Exhibition— G.  B. 

GooDK 413 

Exhibition,  Centennial,  report  on— S.  P.  Baird.     (R.  1876) 299,  307 

Expansion,  bibliography  of — P.  W.  Clabkb 255 

Expansion  by  heat,  tables  of— P.  W.  Clarke 289 

Expedition — 

Coast  Survey,  for  transatlantic  longitude— B.  A.  Qovld 228 

Hassler,  narrative  of  the — L.  Agassiz.     (R.  1872) 271 

*      North  Pacific  Surveying,  contributions  to  natural  history  made  in  con- 
nection with  the — T.  H.  Streets 803 

to  Arctic  Seas — See  Hayes,  Kane,  McClintock. 

to  Kerguelen  Island — J.  H.  Kidder  and  others 298,  294 

to  Lake  Winnipeg— D.  Gunn.     (R.  1867) 216 

to  Mexico,  scientific.     (R.  1864) _ 188 

to  the  Mauvaises  Terres  and  Upper  Missouri — T.  A.  Citlbertson.     (R. 

1850) -* - 28 

toward  the  North  pole,  scientific  instructions  for — J.  Hbkrt  and  others. 

(R.  1871) - - 249 

Expeditions,  account  of — See  each  annual  report. 

Expeditions  contributing  specimens,  list  of — S.  P.  Baird.     (R.  1867) 215 

Experimental  and  theoretical  researches  on  figures  of  equilibrium — See  J.  Plateau. 

Experiments — 

on  aneroid  barometers  at  Kew  Observatory — B.  Stewart.     (R.  1868)  ._  224 

relative  to  meteorites— G.  A.  Daubr^e.     (R.  1868) 224 

upon  animal  heat  of  fishes — J.  H.  Kidder.     (P.  1879) 888 

Explanation  of  principles  of  crystallography  and  crystallophysics — A.  Brezina. 

(R.  1872)  .__ 271,  386 

Exploration  of  ancient  mounds  in  Union  county,  Ky. — S.  Lyon.     (R.  1870)  —  244 

Explorations — 

among  Indian  mounds  in  southern  Florida — S.  T.  Walker.     (R.  1879.)  345 

and  surveys.  Government,  report  of — S.  P.  Baird.     (R.  1878) 841 

Arctic,  lecture  on— I.  I.  Hayes.     (R.  1861) 149 

articles  on — See  each  annual  report. 

botanical,  in  New  Mexico  and  California,  account  of — A.  Gray.     (R. 

1849) 21 

furnishing  collections   to   National   Museum,  1888-1877,  list  of — S.  P. 

Baird.     (R.  1877) - - 828 

in  Central  America— C.  H.  Berendt.     (R.  1867) 216 

in  Greenland— L.  Kumlien.     (R.  1878) 841 

in  New  Mexico  and  AriBona— J.  Stevensoic.     (R.  1880) 442 


184  ALFHASETICAL   INDEX 

Xxplontioiu — Continnad. 

in  N«w iTotk— B,  O.  Squjek 

in  TenDeMMr-B.  A,  Dayton.    {B,  1870) 

in  upper  CalifornU  tb  I860— J.  Feilksb.     (R.  1864).. 
EennicoU'ir-HinMOM'H  Bay  Comfatiy.     (R.  1 

of  kboriginBl  remftian  cif  Tennessee — J.  Jones 

of  tbe  Nile— 0.  Haio;.     (R.  I865I 

of  weetern  Hiatouri  in  18M— P.  K.  Hoy,     (B.  ISM).. 

of  John  Xantui  in  Keiico— M.  Rohero.     (B.  1862) 

on  WMtern  oout  of  North  America— W.  E.  D^i-t..     (R.  ISTB).. 
wporii  on— 8.  P.  Baird.     (K.  1B51-I868,  1875-18771..  61,  67,  75,  T7,«,ll 
109,  110,  U7,  149,  150,  1B7,  IBS.  209,  2U,  29B,  SI 

Miftntfflc,  in  Amariea,  in  1852— S.  F.  Baikd.     (B.  1852) 

acientiflc,  in  Mexico.    (H.  1864) : 

Bxploring  expedition  undeh  Capt.  C.  Wilkea,  dupliuU  ihelU  ooIl«cted  bj  tb*.  1 

Bxplotibilitj  of  coal  oili— Z.  Allkk,     (R.  1881) : 

BsplMiTensH  of  nitre— E.  Hark , 

Bzposition  of  harmoniM  in  the  solar  t;«tem— S.  A^BXAtniBit 1 

Bxpoiltlon — Stt  French. 

Bxpreuiou  for  uithropolc^Eal  inquiry,  quertw  about— C.  Darwin.     (R.  1M7)   '. 

Bstemftl  ftppearance  of  tbe  sun'i  diik.     (B.  1806) 


mammalia  and  chelonia  of  Nebnuka— J.  Leipt. 
reptiles — J.  Leidt 

sloth  tribe  of  North  Amorica — J.  Lbidy 

species  of  American  oi — J.  I.eidy 

Eye,  bibliography  of  diseases  of  iho— W.  W.  Kekb 


OF  SMITUSONIAN   PUBLICATIONS.  185 


Facts  respecting  Liberia  College — A.  Cbuhhbll.    (R.  1861) • \49 

Fahrenheit's  scale,  tables  for  conversion  of  centigrade  degrees  to.     (R.  1863)  ..  187 

Families — 

of  fishes,  arrangement  of— T.  Gill 247 

of  mammals,  arrangement  of — T.  Gill 230 

of  moUusks,  arrangement  of — T.  Gill 227 

Family,  human,  systems  of  consanguinity  and  affinity  of — L.  H.  Morgan..  188,  218 

Fanning  Islands,  natural  history  of— T.  H.  Streets 303 

Faraday,  M.,  hre  life  and  works— A.  A.  De  La  Rive.     (R.  1867) 215 

Fablow,  W.  G.— 

Alg89  of  Arctic  America -, 342 

Algae  of  Kerguelen  Island 294 

Recent  progress  in  botany,  1879,  1880.     (R.  1880) 442,  430 

•    Report  on  water  from  Gulf  of  Mexico.     (P.  1881) 467 

Farming  and  gardening,  natural  history  as  applied  to — J.  G.  Morris.     (R.  1855.)  77 

Faroe  Isles,  vegetable  colonization  of— C.  Martins.     (R.  1858) 109 

Fabquharson,  R.  J.     Study  of  skull  and  long  bones  from  mound  in  Illinois. 

(R.  1874) — 286 

Fauna — 

and  flora  within  living  animals — J.  Leidy 44 

littoral  marine,  of  Provincetown,  Mass.— R.  Rathbun.     (P.  1880) 426 

of  middle  Europe  during  the  stone  age — L.  Rutimeyer.     (R.  1861) 149 

of  Nebraska,  ancient — J.  Leidy .«     58 

Favrb,  a.     Report  on  transactions  of  Geneva  Society  of  Physics  and  Natural 

History,  July,  1876,  to  June,  1877.     (R.  1877) 823 

Favbe,  E.     Biographical  notice  of  Louis  Agassiz.     (R.  1878) 841 

Feeling,  sense  of.     (R.  1866) _ 209 

Fkilner,  J.     Explorations  in  upper  California  in  1860.     (R.  1864) . 188 

Feldspar,  determination  of,  in  thin  sections  of  rocks — G.  W.  Hawes.  (P.  1881)  467 

Felton,  C.  C,  eulogy  on,  by  T.  D.  Woolsey.     (R.  1861) 149 

Felton,  C.  C. — 

Notice  of  Washington  Irving.     (R.  1859) 110 

Notice  of  W.  W.  Turner.     (R.  1859) 110 

Report  on  Prof.  Henry  and  the  telegraph.     (R.  1867) 107 

Fendler,  A.,  botanical  explorations  by,  in  New  Mexico  and  California — A. 

Gray.     (R.  1849) _ 21 

Fendler,  A. — 

Meteorology  and  ethnology  of  Colonia  Tovar,  Venezuela.     (R.  1857) 107 

Meteorology  of  Colonia  Tovar.     (R.  1866) 214 

Temperature  of  St.  Louis,  Missouri.     (R.  1860) ._™^  147 


186  ALPHABETICAL   ISDKS 

FariM,  aclcnowledgmeiit  for — Q.  MsTTBirnra.     (R.  18S2) I 

VKKBtL,  W.     Converging  saries  oiprot^Dg  ratio  between  diMueter  Bad  cir- 

cumfcrcnca  of  ft  circle ^^ II 

PKBaiiL,  W.     Reply  to  the  criLiciama  of  Dr.  J.  Hbod.     (B.  1877) Bl^l 

Parrel,  W.,  theories  of,  at  to  reUtioD  beiwean  diCTereoce  of  prasare  and  vtioaq 

of  wind-J.  HiKS.     (R.  1877) ta,ml 


a  stud;  in  morbid  and  normal  pbysiolc^y — H.  C.  Woob 

reiearchea  on— H.  C.  Wood.     (R,  1673) 

study  of  the  nature  and  niechanism  of.     Toner  lecture 


No.  ir-H,  a 


Wood 

Tavera,  surgical  compiici 


s  and  «equeU  of.     Toner  lecture  So.  r — W.  T. 
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of  ice  at  botUtn  of  watar — H.  BvasLBAUtT.    (B.  t8M)  ___ 

of  pradpiUUon— J.  Hamx.    (E.  1877) Od 

Formi  in  which  dragi  and  medidiiM  BppMi>— J.  K.  Fum.    {P.  U8I) ttO,^ 

ForroulH,  chemical,  tablM  of— F.  W.  Clabkb . 

Fort,  ancient,  and  burial  ground  in  TompUni  0«.,  M.  T. — D.  Tma 

Fort  Brawn,  Texas,  lift  of  birdi  from — J.  O.  HiRktLi..    (P.  1878).. 

Fort  Ellii,  prehiitoric  remaini  near— P.  W.  NomRU.    (B.  1^79)    , 

Fort  Marion,  Florida,  lilt  of  eaits  of  h«adi  of  Indian   priionen   in— B.  B. 
Pbatt.    (P.  1878) 

Fort  Ripley,  UioD.,  natural  hiitorjr  of  eonntrj  about — J.  E.  HxAi>.     (B.  18H.}    ; 

Fort  Wad«worth,  Dakota,  Indian  moundt  near — A.J.  CovroRT.     (B.  18TI).„ 

Porta  and  dwelliag*,  Indian,  In  Indian  Tarritor]-.^W.  B.  Dotlb.     (B.  1878)— 

Foail— 

corbiculad»— T.  Pkiux 

gaitaropod,  ftom  Uezioo,  description  of— 0.  A.  Whitk^  [P.  1880} . 

molluika  from  latar  terUariea  of  California— W.  H.  Dall.    (P.  ISTS)  _ 

ox — J.  Lkidt . , 

plants  from  China,  descripUon  of — J.  8.  HiWBiaKT 

Foeails— 

carboniferous  invertebrate,  description  of  new  species  of — C.  A.  Wutn. 

catalogue  of  rocks,  minerals,  orss,  and — J.  Locke.     (K.  1954) 

cretaceous,  Trom  Arkansas  and  Colorado— C.  A.  Wbite.     (P.  18S1).- 
cretaceous  invertebrate,  from    Kansas  and  Texas,  description  of 

C.  A.  Whitk.    (P.  1879) _ 

from  Nebraska,  report  on — J.  Lkidv.     (B.  1861) „ 

from  Santa  Barbara,  California- P.  P.  Car^ehtkk 

invertebrate,  from  Arkansas,  Wyoming,  Colorado,  Utah — C.  A.  1 

(P.  1880) — 

invertebrate,  of  North  America,  check-list  of— T.  A.  Conrad„ 

invertebrate,  of  North  America,  check-list  of— F.  B.  UatK .  1^,'II 

invertebrate,  of  North  America,  cretaceous  and  Jurassic — P.  B.  Mbve..  H 
invertebrate,  of  North  America,  eoceos  and  oligocenc — T.  A.  Comaa. 

invertebrate,  of  North  America,  miocene — F.  11,  Mkek „ 

poetpliocenc,  in  coast  range  of  California— W,  H.  DAIA.  fp.  IM 
tertiary,  distribution  of  CaUrornian— W.  H.  DaLL.  (P.  Vn^.. 
tertiory,  presented  by  Imperial  Geological  Institute,  1 
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Foster,  J.  W.    Ancient  relics  in  Missouri.     (R.  1868) 187 

Foster,  J.  W.    Catalogue  of  rocks,  minerals,  etc.    (R.  1864) 76 

Fourier,  J.,  eulogy  on,  by  F.  Arago.    (R.  1871) -. 249 

FoiTRiER,  J.    Memoir  of  Delambre.     (R.  1864) .'-„  188 

Fowler,  J.    Shell-heaps  of  New  Brunswick.     (R.  1870) 244 

Fox,  (yacht,)  meteorological  observations  in   Arctic  Seas  made  on — F.    L. 

McClintoox 146 

Fox,  (yacht,)  record  of  voyage  of,  in  Arctic  regions — F.  L.  McCLiirroGK 146 

France,  Bmperor  of,  report  to,  by  Minister  of  Public  Instruction,  on  scientific 

expedition  to  Mexico.     (R.  1864) 188 

France — See  Paris,  Prize  questions. 

Franklin,  Sir  John,  expedition  in  search  of — See  Kane. 

Free  ft'eight  between  Germany  and  the  United  States  by  North  German  Lloyd — 

R.  ScHLBiDEir.     (R.  1868) 109 

Free  freight  between  United  States  and  England— -E.  Cunard.     (R.  1869) 110 

Free  freight  between  United  States  and  Germany — Kttkhardt  &  Co.  (R.  1861)  149 

Fremont,  J.  C,  description  of  plants  collected  by — J.  Torret 46 

Fr6montiane,  plant© — J.  Torret 46 

French  — 

Exposition  of  1867,  ethnological  department  of  the.     (R.  1867) 216 

half-breeds  of  the  northwest— V.  Hayard.     (R.  1879) 846 

Institute,  history  of— M.  Ploitrens.     (R.  1862) 160 

Society  of  Archeology,  Archsdological  Congress  organized  by.     (R.  1866)  214 

vocabulary  with  comparative  words  in  English,  Spanish,  and  Latin 170 

weights  and  measures — See  Tables. 

Fresh  fish  and  other  animals,  circular  relative  to  shipping .^ 384 

Fresh -water — 

algnof  North  America — H.  C.  Wood 241 

glacial  drift  of  northwestern  States — C.  Whittlesey 197 

in  the  ocean— W.  C.  Dennis.     (R.  1866) 214 

shells — <S^  Shells. 

Frisdlandbr,  J.     Plan  of  a  bibliography.     (R.  1868) 109 

Fribl,  J.     Antiquities  of  Hancock  county,  Kentucky.     (R.  1877)  .^».» 828 

Friends  of  the  Museum,  circular  addressed  to — S.  F.  Baird.     (P.  1881)..  467,  446 

Frigate  mackerel  {A^^xie  Rochei)  on  New  England  coast — G.  B.  Goode.     (P. 

1880) - - 426 

Fboxbel,  J.     Physical  geography  of  North  American  Continent.     (R.  1864.)  76 

Frost,  disintegrating  effects  of,  on  building  stones — C.  G.  Page  .. 829 

Fruits,  dates  of  ripening  of— P.  B.  Houoh . i —  182 

Fuca,  Straits  of,  Indians  of — See  J.  G.  Swan. 

Fund,  Smithson,  memorial  of  Regents  to  Congress  relative  to.     (R.  1860) 28 

Fund,  Smithson,  statement  of,  1846-1877 829 

18 
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Fundji  Bay  of,  synopsis  of  marine  invertebrata  of— W.  STiicPaoif 

Funeral  of  J.  Henry : — 

Future  of  geology— J.  Pbkstwich.     (R.  1875) 

Future  of  the  human  race—A,  Dk  Cani>ollc.     (R.  1876) 


Ghtdus  cimbriua,  identity  of,  with  Rhinotiemus  caitdacuia-^.  6.  Qoodb;  T.  H. 

Bean.     (P.  1878) - -    8tt 

Gaines,  A.  S.  ;  Cunningham,  K.  M.     Shell-heaps  on  Mobile  river,  Alabami. 

(R.  1877) - Sa 

Gale,  L.  D.,  statement  of,  on  telegraph.     (R.  1857) IW 

Galeorhinus  galeus— D.  S.  Jordan;  0.  H.  Gilbert.     (P.  1880) ». 425 

Gales  of  wind  and  appearance  of  aurora,  connection  of — K.  T.  Knight;  J. 

Henry.     (R.  1871) __ Stt 

Gallatin,  A.     Comparative  vocabulary 190 

Gallatin,  A.     On  publication  of'Squier  and  Davis'  work.     (R.  1847) H.K 

Gallery,  Art — See  Corcoran. 

Galt,  F.  L.     Tndiansof  Peru.     (R.  1877) •» 

Galvanism,  recent  progress  in.     J.  Mullek.     (11.1855) 77 

Galvjinometor,  use   of,  as  a  measuring  instrument — J.  C.   Pogoendorf.     \  R. 

1869) 110 

Gangrene,  bibliogruphy  of — W.  W.  Kekn 300 

Gardening,  natural  history  us  applied  to  farming  and — J.  G.   Mokkis.     i  R. 

1855) - — ._. 77 

Gakdinkr,  K.  H. — 

Barometer,  niin,  and  snow  gauges.     (R.  1858) 10 

Dii^appearanre  of  ii'C.     (R.  1860) 117 

Opening  and  closing  of  Kennebec  river,  Maine.     (R.  1858'i IQI 

Gardxek,  W.  H.     Indians  of  valley  of  Red  river  of  the  North.     .  R.  1870)  ..    3*4 

Garfikld,  J.  A.     Biographical  notice  of  S.  P.   ChaM'  and    L.   Agassis.     (R. 

1873) _ 2rfi.» 

Garfikli),  J.  A.      Memorial  address  on  J.  Ilenry . 

GaRkk,  H.      Birds  of  Heligoland.     (P.  1870) 

Garman,  iS.     American  RhiyK'batidcp,  synopsis  and  description  of.     (P.  1880).. 

Gas,  hydrogen,  aii  metal  and--.T.  E.  Reynolds.     iR.  1870) 2M 

Gasteropod,  largo  f(»5sil  from  Puebla,  Mexico — C.  A.  AVniTK.     (P.  1880) 4tt 

Gastorostoup,  def^cription    of   new  species   of,  from   Schoodic  Lakes, 
T.  H.  Bkan.     (P.  1879)  ._ _ 
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Oatschet,  a.  S. — 

Klamath  lake  Indian  conjurer's  practice.     (E.  1879-80)  ... 476 

"The  relapse"  in  Klamath  lakedialect.     (E.  1879-80) 476 

Gauge,  snow— W.  B.  Gukst.     (R.  1868) 109 

Gauges,  rain  and  snow — R.  H.  Gardineb.     (R.  1868) 109 

Gautier,  Prof.     Researches  relative  to  nehulse.     (R.  1868) 187 

General  catalogue  system  for  libraries — G.  C.  Jswett.     (R.  1860) 28 

Generation,  alternate  and  parthenogenesis  in  the  animal  kingdom — G.  A.  Korn- 

HUBER.     (R.  1871) 249 

Generic  names  of  recent  and  fossil  animals,  list  of — S.  H.  Scxtdder 470 

Geneva,  Society  of  Physics  and  Natural  History  of,  report  on  transactions  of — 

July,  1858,  to  June.  1869— A.  A.  De  la  Rive.     (R.  1869) 110 

•«     1860,        "        1861— P.  DuBT.     (R.  1864) . -  188 

♦*     1861,        "        1862— A.  De  CAin>OLLE.     (R.  1864) 188 

''     1862,        "        1868— Prof.  Mabcet.     (R.  1868) 187 

«*     1868,        "        1864— Dr.  Chossat.     (R.  1866) 209 

*'     1864,        "        1866— E.  Plantamour.     (R.  1866) 209 

*»     1866,        "        1866— Dr.  G088E.     (R.  1866) - 214 

'*     1867,        "        1868— E.  Wartmann.     (R.  1868) 224 

*'     1868,        "        1869— H.  C.  Lombard.     (R.  1869) 228 

*•     1870,        "        1871— H.  De  Saussure.     (R.  1871) 249 

•*     1872,        "        1878— A.  A.  De  La  Rive.     (R.  1874) 286 

«'    1878,        "        1874— A.  De  Candolle.     (R.  1876) —  298 

••     1874,        "        1876— E.  Plantamour.     (R.  1877) 828 

"     1876,        "        1876— J.  MiJLLER.     (R.  1877)— 828 

"     1876,        "        1877— A.  Pavre.     (R.  1877) 828 

Genitalia  of  male  eels— S.  T.  Oattie.     (P.  1880) 426 

Gbnth,  F.  A. ;  GiBBS,  W.     Ammonia-cobalt  bases — .  88 

Geographical  distribution  of  batrachia  and  reptilia — E.  D.  Cope 292 

Geographical  manuscripts,  catalogue  of  collection  of — L.  Berlandier.     (R. 

1864) 76 

Geography — See  Physical  Geography. 

Geography  of  North  American  Continent— J.  Froebel.     (R.  1864) . 76 

Geological — 

researches  in  China,  Mongolia,  and  Japan — R.  Pumpellt 202 

specimens,  catalogue  of— D.  D.  Owen.     (R.  1864) 76 

survey  in  Michigan,  catalogue  of  rocks,  minerals,  and  ores  collected  on — 

C.  T.  Jackson.     (R.  1864) 1_  76 

Geological  Survey,  directory  of  officers  and  employes  of 466 

Geological  surveys — See  annual  reports;  aUo  Hayden,  Powell,  Whet^. 

Geology — 

and  history,  boundary  line  between — E.  Suess.     (R.  1872) 271 

economic,  of  Trinidad,  report  on  survey  of — G.  P.  Wall;  J.  G.  Saw- 

KINB.     (R.  1866) - - 91 

of  Kerguelen  Island— F.  M.  Endligh ^.  294 


I .  * 
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Oeology — Continued. 

of  lower  Louisiana  and  salt  depoeit  on  Petite  Ansa  Island — K.  W.  HzL- 
OARD 

past  and  future  of--J.  Pbestwich.     (R.  1876) 

progress  in,  in  1879,  1880— G.  W.  Hawxs.     (R.  1880) 44S, 

surface,  illustrations  of— K.  Hitchcock ,,  ,„,_  , .. 

Georgia — 

aboriginal  structures  in — 0.  0.  Jones.     (R.  1877) 32S, 

ancient  mounds  in — M.  F.  Stevxnsok.     (R.  1870) Ml 

Bartow  county,  mound  in — M.  F.  Steysnbok.     (R.  1872) TTl, 

description  of  fishes  of  Alleghany  region  of — D.  S.  Jordan  ;  A.  W. 
Bratton 18 

habits  of  pouched  rat,  or  salamander  of— W.  Gesner.     (R.  1800) 117 

Mcintosh  and  Early  counties,  mounds  in — ^W.  McEinley.     (R.  1872L.  SH 

microscopical  observations  in — J.  W.  Bailey ^^  8 

notes  on  collection  of  fishes  from— T.  H.  Bean.     (P.  1879) SB 

occurrence  of  Stricklandla  aalieri  and  Strieklandia  Davidsoni  in — G.  A. 
White.     (P.  1880) _   18 

remarkable  forms  of  hail  stones  in — S.  Abich.     (R.  1869) 91 

shell-heaps  in— D.  Brown    (R.  1871) 

Spalding  county,  antiquities  of— W.  B.  F.  Bailey.     (R.  1877) 

Gephyra?a  of  northeast  coast  of  America — A.  E.  Yerrill.     (P.  1879) 

Germany  and  United  States,  free  freight  between,  by  North  German  Ll*»yd— 

R.  Schletden.     (R.  1858) 18 

Germany  and  United  States,  free  freight  between — Kunhardt  <fe  Co.     {R. 

1861) ___ _.    18 

Gesner,  W.     Habits  of  pouched  rat,  or  salamander  of  Georgia.     (R.  1860 1...    117 

Gesner,  W.     Mica  beds  in  Alabama.     (R.  1879) Mi 

Gibbons.  H.     Climate  of  San  Francisco.     (R.  1864) T% 

Gibbeh,  R.  W.     Memoir  on  Mosasaurus  and  allied  new  genera,  HolroduSt  fono- 

saunis,  Amphwosteus 14 

GiBBS,  G. — 

ArchaM^logy  in  the  United  States.     (R.  1861) _ III 

Bibliograp)hy  of  Chinook  jargon ^    MI 

Comparative  vocabulary ,. 

Dictionary  of  Chinook  jargon,  or  trade  language  of  Oregon ..,««.. .« 

Ethnological  instructions ,^, 

Ethnological  map  of  the  United  States.     (R.  1802) 

Ethnological  suggestions .„. 

Indian  languages.     (R.  18G5) . . 

Indian  vocabularies.     (R.  1862) _— ^ 

Instructions  for  archaeological  investigations.     (R.  1861) .^.„, 

Instructions  for  etbnology  and  philology ._ 
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OiBBS,  6. — Continued. 

Intermixture  of  races.     (R.  1864) 188 

Language  of  aboriginal  Indians  of  America.     (B.  1870) 244 

Makah  Indians 220 

Philological  circular.     (R.  1862) _ 160 

Physical  atlas  of  North  America.     (R.  1866) 214 

Suggestions  for  scientific  investigations  in  Russian  America 207 

Gibbs,  G.,  memoir  of,  by  J.  A.  Stevens.     (R.  1878) _.  276 

GxBBS,  6.,  and  others.     Recommendation  of  Shea's  Indian  linguistics.     (R. 

1861) 149 

GiBBH,  O.,  and  others.     Tinneh  or  Ghepewyan  Indians  of  British  and  Russian 

America.     (R.  1866) 214,365 

QlBBii,  6.  J.     Stone  celts  in  the  West  Indies  and  Africa.     (R.  1877) 828 

GiBBa,  W. ;  Gkkth,  F.  A.     Researches  in  ammonia-cobalt  bases 88 

Gideon's   Farm,  Hennepin  county,  Minnesota,  mounds  on — F.  H.  Nutteb. 

(R.  1879) _     846 

GiuiERT,  G.  H.— .S^«  D.  S.  Jordan ;  G.  H.  Gilbert. 

GlLBSKT,  Sir  D.     Notice  of  Smithson.     (R.  1868) 67,  880 

QlLL,  T.— 

Arrangement  of  familiesof  fishes .^ ....^....^ 247 

Arrangement  of  families  of  mammals ^ 230 

Arrangement  of  families  of  moUusks ^ .. .„ 227 

Bibliography  of  fishes . 247 

Bibliography  of  fishes  of  Pacific  cbast  of  United  States ..^^     468 

Bibliography  of  mammals . 280 

Bibliography  of  mollusks «^ 227 

Catalogue  of  fishes  of  east  coast  of  North  America . ^03 

Fishes  of  Kerguelen  Island 204 

Fishes  of  New  York.     (R.  1866) - _       91 

Identity  of  the  genus  LeurynnU  Lockington,  with  Lyeodopsis  CoUett. 

(P.  1880) - 426 

yotbonAniennariidas.     (P.  1878) 882 

Note  on  CeraiiidoB.     (P.  1878) - -, 882 

Note  on  the  Latiloid  genera.     (P.  1881) 467 

Note  on  Maliheida.     (P.  1878) 882 

Recent  progress  in  zodlogy.     (R.  1880) 442,  431 

SUtusof  ichthyology 247 

Synopsis  of  pediculate  fishes  of  the  eastern  coast  of  extratropical  North 

America.     (P.  1878) - 882 

Synoptical  tables  of  mammals 280 

Gjujss,  J.  M.     Solar  eclipse,  Peru,  September  7,  1868 100 

GlUJCAJr,  H.     Characteristics  of  ancient  man  in  Michigan.     (R.  1876)...  298,  393 

GlLLMAK,  H.    Mound  builders  and  platycnemism  in  Michigan.    (R.  1878.)  276,  393 
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Oilman,  W.  S.     Lightning  discharges.     (B.  1867) ..^ 

GiRABD,  C. — 

Bibliography  of  American  natural  history  for  1851 ^«. 41 

Monograph  of  Gottoids 10 

GiRARD,  C. ;  Baird,  S.  F.     Catalogue  of  North  American  reptiles 41 

Girard  College  observations — See  A.  D.  Bache. 

GiVKN,  W.  F.     Remarkable  electric  phenomenon.     (B.  1865) Ml 

Glacial  drift  (fresh  water)  of  the  northwestern  Slates — C.  Whittlubt UT 

Glaciers,  traces  of,  in  Massachusetts  and  A^ermont — E.  Hitchcock 94 

Glaishkr,  J.     Account  of  balloon  ascensions.     (R.  1863) IK 

Glazier,  W.  C.  W.     On  destruction  of  fish  in  Gulf  of  Mexico.     (P.  1881—  C 

Gliddon  mummy  case — C.  Pickering __ 

Globe,  winds  of  the — J.  H.  Coffin , 

Glyptocephalus  cynoglossus  on  coast  of  North  America — G.  B.  Goodk;  T.  H. 

Bean.     (P.  1878). m 

Gk)at,  Rocky  Mountain,  habits  of— J.  C.  Merrill.     (P.  1879)  .  _ _   US 

Gobiesox   rhessodon,  from  San  Diego,  California,  description   of — R.  Smith. 

(P.  1881) - _ _ ^   C 

Gk>bioid  fish,  description  of  a  new,  from  San  Diego,  California — R.  Smith.     [?. 

1881) 467 

Gold  and  silver  coins,  as«ay  of,  at  United  States  Mint — J.  Poll^jck.     j  R.  1868.  i   2H 

Gold  and  silver  coins,  foreign,  table  of.     (R.  1868) 321 

Gold  ornament  from  a  mound  in  Floridu,  obsorvHtion.<4  on — C.  Rau.       K.  1j!?T7.  ! 

;^2:'..  440. 401 

(i<M)DE,  G.   B. — 

Catalogue  of  collection  to  illustrate  uninial  resource^  and  d.-iberioK  nf  ;ht* 
United  States,  exhibited  ut  Philadelphia,  1876 

Catalogue  of  fishes  of  the  Bermudas 

('attilogue  t>f  United  States  Fish  Commis:«ion's  exhibit  at  Berlin,  IS-S")  ..  fU 

(Massification  of  collection  of  animal  rosources 

Clupoji  tyrannu^  of  Latr(.>bo.     (P.  1878) 

Description  of  now  species  of  ambor  li>h,  [Srriola  Stearnsii,)  ohltnufd 
from  Florida  bv  S.  Sl«mrns.     (P.  1870i.._ _  .. 

Descriptions  of  new  sj)e('ies  of  fishes  from  deep  soundiiitrs  on  s<»utbeni 
New  England  coast,  with  diaijjnoses  of  two  und«"iorili«'d  genera  of 
fl^.»und'^^^  and  conus  related  to  Merlucius.     ll*.  188<>i 424 

First  decade  of  the»Unitcd  States  Fish  Commis.^tion.     j  R.  18S<))  ... 411 

Fishes  from  Bermuda  mistakenly  described  as  new  by  Gunlher.     (P,  1878 <    SO 

Fishes  from  deep  waters  on  south  coast  of  New  England  i>btuined  bv  Fifh 

Commission  in  1880.     yl\  1880) 1 421 

Frigate  mackerel,  {Auxis  Jiochei,)  on  New  Eni^Iand  coast.     ^P.  1880).-.    424 

List  of  substances  derived  from  animal  kingdom .._ -.-...    2W 

Methods  of  capture  and  utilization  of  animaU . Vt 
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ODE,  G.  B.— iGontiDued. 

Notocanthus  phasganorus,  n«w  species  of  Notacanihidm  from  Grand  Banks 

of  Newfoundland.     (P.  1880) ^ 426 
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Henry,  J. — 

biograpliioal  memoir  of,  by  A.  Gray.     (R.  1878) ._ 341.  40T 
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[bkrt,  J.,  papers  by : — Continued. 
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Annual  reports,  1847-1877 — See  each  annual  report. 
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Circular  sent  with  specimens  presented.     (R.  1872) ^ . 271 
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of  electro-magnetic  telegraph-^.  Henbt.     (R.  1867) 107 
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HoLDEN,  E.  S. ;  Hastings,  C.  S.     Synopsis  of  scientific  writings  of  Sir  Wil- 
liam Horschel.     (R.  1880) 442,426 
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OF   SMITHSONIAN   PUBLIOATIONS.  211 

HouoH,  F.  B.— 

Dates  of  blossoming  of  plants ^ 182 
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Hoy,  p.  R.     On  Ambli/atoma  luridum^  a  salamander  of  Wisconsin.     (B.  1854.)  75 

Hubbard,  J.  8.    Investigations  of  Biela's  comet.     (R.  1862) „ 150 

Hudson's  Bay,  notes  on  fishes  from— T.  H.  Beak.     (P.  1881) 467 

Hudson's  Bay  Company.     Kennicott's  explorations.     (R.  1868) 187 

Hudson's  Bay  Company,  circular  to  officers  of — J.  Hkitby 137 

Hudson's  Bay  Company,  letter  to  officers  of— G.  Simpson 187 

Hudson's  Bay  Territory,  observations  in — B.  R.  Ross.     (R.  1859) 110 

Hudson's  Bay  Territory,  Red  river  settlements,  Indian  remains  in — D.  OuNir. 

(R.  1867) - 215 

HuoQiNS,  W.     Results  of  spectrum  analysis  applied  to  the  heavenly  bodies. 

(R.  1866) — -    214 

Human  race,  probable  future  of  the— A.  dr  Candolle.     (R.  1876) 298 

Human  remains  from  Patagonia — A.  Ried.     (R.  1862) 150 

Humidity,  relative,  tables  of— J.  H.  Coffin... 87 

Humming-bird,  a  new,  (Aiihia  EUioii)^  from  Guatemala — R.  Ridgway.     (P. 

1878) - 882 

Humming-birds,  described,  list  of — D.  G.  Elliot 334 
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Hunt,  T.  S.     Chemistry  of  the  earth.     (R.  1869) 228,  376 
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of  Hawaiian  and  Fanning  Islands  and  California — T.  H.  Streets 808 

status  of— T.  Gill _ 247 

Ichthyology — See  Fishes. 

Icichthys  Lockingtoni,  new  species  deep-water  fish  from  coast  of  California — 
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Identification  of  artisan  and  artist — N.  Wiseman.     (R.  1870) 244 

Illinois — 

Adams  county,  mounds  in,  near  Quincy — W.  G.  Anderson.     (R.  1879.)    846 

Albany,  mounds  near — R.  J.  Farquharson.     (R.  1874) 286 
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deposits  of  flint  implements  in — J.  F.  Snydkb.     (R.  1876) 290 

habits  of  the  gopher  of— J.  B.  Parvin.     (R.  1854) 76 

Lawrence  county,  antiquities  of— A.  Patton.     (R.  1878) 276 

Madison  county,  stone  cists  in,  near  Highland — A.  Obhleb.     (R.  1879.)  846 

Mason  county,  antiquities  of— J.  Gochranx.     (R.  1877) ♦  823 

Mercer  county,  ancient  mounds  of— T.  MgWhor'BXB.     (R.  1874) 286 

Pike  county,  mounds  in— B.  Mitchell.     (R.  1879) 846 

Rock  Bluff,  description  of  human  skull  from — J.  A.  Meiqs.     (R.  1867.)  216 

Rock  Island,  shell-bea  skull  from— A.  6.  Tiffany.     (R.  1874) 286 

Rock  Island  county,  mounds  in— T.  Thompson.     (R.  1879) 846 

Rock  Island  county,  antiquities  of— A.  Tosllner.     (R.  1879) 846 

Rock  river  valley,  mound  builders  in — J.  Shaw.     (R.  1877) 828 

Spoon  river  valley,  mounds  in— W.  H.  Adams.     (R.  1879) 846 

southern,  agricultural  flint  implements  in — 0.  Rau.     (R.  1868.)  224,  440,  370 

Union  county,  antiquities  of-^T.  M.  Perrine.     (R.  1878) 276 

Union  county,  mounds  in,  near  Anna — ^T.  M.  Perrine.     (R.  1872) 271 

Whitesides  county,  antiquities  of— W.  H.  Pratt.     (R.  1874) 286 

Illinois  Board  of  Education.     Meteorological  system  for  every  State.     (R.  1866.)  77 

Illuminating  materials,  investigation  of— J.  Henry.     (R.  1880) 442,  389 

Illustrations  of  method  of  recording  Indian  languages — J.  O.  Dobsey  ;  A.  S. 

Gatschet;  8.  R.  RiGOS.     (E.  1879-80) 476 

Illustrations  of  surface  geology — E.  Hitchcock 90 

Image,  stone,  in  Tennessee,  account  of  discovery  of— E.  M.  Grant.     (R.  1870.)  244 

Imperial  Academy  of  Sciences,  Belles-lettres,  and  Arts,  of  Bordeaux.     Prize 

questions.     (R.  1868) 224 

Imperial  Academy  of  Sciences,  Vienna.  Priz^  questions.  (R.  1864;  R.  1866.)  188,209 

Imperial  Geological  Institute,  Vienna,  tertiary  fossils  presented  by.     (R.  1868.)  187 

Imperial  Library  of  Vienna,  boolts  presented  by.     (R.  1865) 209 

ImperialSocietyof  Natural  Sciences  of  Cherbourg.    Prize  questions.    (R.  1864.)  188 

Imperial  Society  of  Science,  Agriculture,  and  Arts  of  Lille.    Prize  questions. 

(R.  1865) 209 

Implement,  wood,  ancient,  found  in  Connecticut — E.  W.  Ellsworth.     (R. 

1876) _ 299 

Implements — 

agricultural,  North  American  stone  period — C.  Rau.     (R.  1868) 187,  440 

flint,  agricultural,  in  southern  Illinois— C.  Rau.     (R.  1868)...  224,  440,  370 

flint,  deposits  of,  in  Illinois— J.  F.  Snyder.     (R.  1876) 299 

flint,  in  Holmes  county,  Ohio— H.  B.  Case.     (R.  istl) 823 

stone,*North  American— C.  Rau.     (R.  1872) 271,  440,  382 

Improvements,  recent,  in  chemical  arts — J.  C.  Booth;  C.  Morfit 27 

Income,  majority  and  minority  reports  on  distribution  of— J.  A.  Pearce;  J. 

Meacham.     (R.  1858) - 67,  829 


# 


214  ALPHABETICAL   INDBX 


• 


Incorporation,  act  of,  of  Smithsonian  Institution — See  Congress. 

Index-catalogue  of  books  and  memoirs  on  nebuln  and  clusters — E.  S.  Holdbv.  311 

Index — 

of  genera  of  birds — 8.  F.  Baibd 106 

of  Smithsonian  publications i. 478 

»    systematic  and  alphabetical,  of  publications  of  the  Smithsonian  Institu- 
tion to  July,  1869.     (R.  1868) 224 

systematic,  to  list  of  foreign  correspondents 25T 

to  genera  of  recent  and  fossil  animals — S.  H.  Scuddxb 470 

to  names  applied  to  subdivisions  of  class  Brachiopoda — W.  H.  Dall 8(H 

to  North  American  botany^^.  Watson 258 

to  papers  on  anthropology  published  by  Smithsonian  Institution,  1847- 

1878— G.  H.  BoKHMBR.     (R.  1879) 845,  421 

Indian — 

boys  and  girls  at  Hampton  Normal  Institute,  Va.,  catalogue  of  casts  of 

heads  of— R.  H.  Pbatt.     (P.  1879) 883 

burial  in  California— W.  M.  Kma.     (R.  1874) 286 

conjurer's  practice,  details  of— A.  S.  Gatschet.     (E.  1879-60) 47« 

engravings  on  rocks  along  Green  river  valley — J.  G.  Bbuff.     (R.  1872.)  271 

forts  and  dwellings,  Indian  Territory— W.  E.  Doylk.     (R.  1876) 299 

history,  notes  on— F.  V.  Haydkn.     (R.  1867) £15 

languages — G.  Plachbnkcker.     (R,  1862) 160 

languages,  method  of  recording — J.  O.  Dobsby  ;  A.  S.  Gatschet  ;  S. 

R.  RiGOS.     (E.  1879-80) 476 

languages — See  G.  Gibbs,  F.  L.  O.  Roehrig,  S.  R.  Riggs,  J.  G.  Shea,  W. 
L.  Hardisty. 

linguistics,  account  of  library  of — J.  G.  Shea.     (R.  1861) 149 

linguistics,  recommendation  of  Shea's — G.  Gibbs  and  others.     (R.  1800.)  149 

mode  of  muking  arrow-heads  and  obtaining  fire — G.  Crook.     (R.  1871.)  249 

mounds  in  southern  Florida,  explorations  of — S.  T.  Walker.     (R.  1879;  345 

mounds  near  Fort  Wadsworth,  Dakota — A.  J.  Comfort.     (R.  1871)  .-_  249 

philology— W.  W.  Turner.     (R.  18ol) 51 

photographs,  catalogue  of 216 

portraits  and  sketches  of  scenery,  catalogue  of — J.  M.  Staxlkt 53 

portraits,  report  of  Comtnittee  of  Regents  on  Stanley 'a  gallery  of.  (R.  1857)  107 

pottery— C.  Rau.     (R.  18C6) — 214,  440,  368 

prisoners  at  St.  Augustine,  Florida,  catalogue  of  casts  of  heads  of — R. 

H.  Pratt.     (P.  1878) :«2 

relics,  catalogue  ol*  cabinet  of,  presented  by  J.  H.  Devereux.     (R.  1872.)     271 

relics  from  Schoharie,  New  York — F.  D.  Andrews.     (R.  1879)_i_. 345 

remains  in  Caddo  parish,  Louisiana — T.  P.  IIotcukihs.     (R.  1872) 271 

remains  in  Red  River  Settlement,  Hudson's  Bay  Territory — D.  Gunn. 

(R.  1867) _ 216 
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ndian — Continued 

remains  near  Prescott,  Canada  West— W.  B.  Gusst.     (R.  1866) 91 

tribes,  cessions  of  land  by,  to  United  States— C.  C.  Rotob.    (E.  1879-60)  476 

tribes  of  upper  Missouri— T.  A.  Culbkrtson.     (R.  1860) 28 

village  (Kushkushkee)  near  Newcastle,  Pennsylvania. — E.  M.  McCon- 

MLL.     (R.  1871) 249 

vocabularies— G.  Gibbs.     (R.  1862) 160 

vocabularies  received  from  the  Wheeler  survey,  list  of— G.  Gibbs.     (R. 

1874) 286 

ndian  Ocean,  cyclone  in  the — N.  Pikx.     (R.  1867) 216 

ndian  Territory,  Indian  forts  and  dwellings  in— W.  E.  Dotle.     (R.  1876)...  299 

ndiana — 

Allen  county,  antiquities  of— R.  S.  Robrrtoon.     (R.  1874) 286 

ancient  burial  mound  in— W.  PiDOXON.     (R.  1867)-  — 216 

De  Kalb  county,  antiquities  of— R.  S.  Robkrthon.     (R.  1874) 286 

Franklin  county,  mounds  in — E.  R.  Quick.     (R.  1879) 846 

Knox  county,  antiquities  of— A.  Patton.     (R.  1878) 276 

La  Porte  county,  antiquities  of— R.  8.  Robertson.     (R.  1874) 286 

Rush  county,  mounds  in — F.  Jackmak.     (R.  1879) 846 

tornado  in — J.  Chappelsmith 69 

ndianR — 

aboriginal,  of  America,  language  of— G.  Gibbs.     (R.  1870) 244 

Cree,  system  of  relationship  of— E.  A.  Watkins.     (R.  1862)  „. 150 

Dakota  or  Sioux,  language  of— F.  L.  O.  Roehrig.     (R.  1871)  .  _ 249 

Haidah,  of  Queen  Charlotte's  Islands,  British  Columbia — J.  G.  Swan..  267 

Kutchin  tribes— S.  Jones.     (R.  1866)  -. 214,  866 

Loucheux— W.  L.  Hardisty.     (R.  1866) —  214,  866 

Makah— J.  G.  Swan -— —  220 

mortuary  customs  of— H.  C.  Yarrow.     (E.  1879-80) 476 

mythology  of— J.  W.  Powell.     (E.  1879-80)  — 476 

Navijo,  sketch  of  the — J.  Letterman.     (R.  1865) --.  77 

of  British  America,  account  of— E.  Petitot.     (R.  1865) _>  209 

of  Cape  Flattery,  Washington  Territory—.!.  G.  Swan 220 

of  Peru— F.  L.  Galt.     (R.  1877) 828 

of  valley  of  Red  River  of  the  North,  ethnology  of— W.  H.  Gardner. 

(R.  1870)- - - 244 

of  western  Nevada  and  California,  Centennial  mission  to — S.  Powers. 

(R.  1876) - - - 299 

Pima,  of  Arizona— F.  E.  Grossman.     (U.  1871) 249 

Quillchute.     Method  of  taking  surf  smelt— J.  G.  Swan.     (P.  1880) 426 

sign  language  of— G.  Mallery.     (E.  1879-80)  .— —  476 

Sioux  or  Dakota— A.  G.  Brackktt.     (R.  1876) - 299 

Sioux  or  Dakota,  language  of— F.  L.  O.  Roehrio.     (R.  1871) 249,  378 
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Tinneh  or  Chepewyan,  of  British  and  BuBsian  America — G.  Oibbs  and 
others.     (R.  1866) —  214, 

uses  of  brain  and  marrow  of  animals  by — T.  R.  Pealb.     (B.  1870) 244 

Indians — See  California,  Gape  Flattery,  Oarib,  Dakota,  Haidah,  Nevada,  Kut- 
chin,  Loucheux,  Makah,  Mandan,  Maya,  Navajo,  Peru,  Portraits,  Bed 
River  of  the  North,  Shoshone,  8ioux,  Tinneh,  Tonto. 

Induction  and  deduction — J.  von  Liebio.     (R.  1870)  - — 244 

Induction,  electricity  of,  in  clouds — F.  Zantedesghi.     (R.  1870) . 244 

Inflammation  in  arteries  after  ligature,  acupressure,  and  torsion.     Toner  lee* 

ture  No.  vii — E.  O.  Shakespeare — 321 

Influence  of  aurora  on  the  telegraph — W.  D.  Saboent.     (R.  1870) 244 

Influence  of  rain  upon  the  barometer — J.  Hann.     (R.  1877) 828,  898 

Infusoria — J.  W.  Bailey 28 

Infusorial  earths,  examination  of— A.  M.  Edwards 202 

Ikoersoll,  E.     Pish  mortality  in  Gulf  of  Mexico.     (P.  1881) 467 

Inquiries  relative  to  crawfish  and  other  Crustacea 31^ 

Inquiries  relative  to  disease  known  as  chorea — S.  W.  Mitchell.     (B.  1874)  _.    286 

Inquiry  relative  to  food-fishes  of  United  States — S.  F.  Baird 231 

Insect  instincts  and  transformations,  lecture  on — J.  O.  Morris.     (B.  1855) 77 

Insects — 

arsenic  acid  for  protecting  anatomical  preparations  from — J.  B.  S.  Jack- 
son.    (P.  1878) 382 

circular  concerning  the  department  of — S.  F.  Baird .i... 448 

classification  of,  from  embryological  data — L.  Aqassiz . 16 

dates  of  first  appearance  of— F.  B.  Houqh 182 

directions  for  collecting  and  preserving — A.  S.  Packard 261 

instructions  for  collecting — S.  F.  Baird.     (R.  1868) 109 

of  Arctic  America — L.  Kumlien 842 

of  Kerguelen  Island — C.  R.  Osten  Sacken;  H.  A.  Haoen 294 

Installation  of  collections  in  National  Museum,  plans  for — G.  B.  Goode.     (P. 

1881) 467,472 

Instincts  and  transformations  of  insects,  lecture  on — J.  G.  Morris.     (R.  1855)  77 

Institute  of  Bologna,  Academy  of  Sciences  of  the.     Prize  questions.     (R.  1862.)  160 

Institute  of  France,  historical  sketch  of,  by  M.  Flourens.     (R.  1862) 150 

Institute  of  Rupert's  Land,  circular  of.     (R.  1861) 149 

Institute,  Royal  Scientific  and  Literary,  of  Lombardy.     Prize  questions.     (R. 

1865) 209 

Institution  of  Civil  Engineers,  London.     Prize  questions.     (R.  1862) 150 

Institutions — 

domestic,  in  correspondence  with  Smithsonian  Institution,  list  of.     (R. 

1863) 67,  69,  238 

foreign,  in  correspondence  with  Smithsonian  Institution,  list  of.     (R. 

1864  J  R.  1866) 188,  209,  64,  154,  225,  243,  309,  469 
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in  United  States  and  British  Provinces  of  North  America,  list  of— W.  J.  • 
Rhkxs - 116 

in  which  phonography  is  taught.     (R.  1856) 91 

scientific  and  literary,  in  United  States,  list  of  principal 335 

istroctions — 

for  archsBological  investigations — O.  Oibbs.     (R.  1861) 149 

for  collecting  coleoptera — J.  L.  Le  Cokte.     (R.  1868) 109 

for  collecting  diatomacea — A.  M.  Edwards 366 

for  collecting  dip tera — H.  Loew  ;  R.  Osten  Sacken.     (R.  1858) 109 

for  collecting  hemiptera— P.  R.  Uhler.     (R.  1868) 109 

for  collecting  hymenoptera — B.  Clemens.     (R.  1868) 109 

for  collecting  insects — S.  F.  Baird.     (R.  1858) 109 

for  collecting  land  and  fresh-water  shells — J.  Lewis 363 

for  collecting  lepidoptera — B.  Clemens.     (R.  1868) 109 

for  collecting  myriapods,  phalangidn,  etc. — H.  C.  Wood.     (R.  1866) 214 

for  collecting  nests  and  "eggs  of  North  American  hirds.     (R.  1858) 189 

for  coUectingLneuroptera — P.  R.  Uoler.     (R.  1868) 109 

for  collecting  orthoptera— P.  R.  Uhler.     (R.  1868) - 109 

for  observations  of  thunder  storms — J.  Henrt ^  235 

for  research  relative  to  ethnology  and  philology  of  America — G.  Gibbs..  160 

in  reference  to  collecting  nests  and  eggs  of  North  American  birds— T.  M. 

Brewer 189 

to  Captain  Hall  for  Arctic  observation— J.  Henrt  and  others.    (R.  1871)    249 

to  observatories  relative  to  telegraphic  announcement  of  astronomical 

discoveries — J.  Henrt 263 

natruments,  meteorological, 

articles  on,  in  Smithsonian.     (R.  1874) - ^ 286 

description  of— L.  Casella.     (R.  1859) 110 

description  of— A.  Gutot;  J.  Henrt.     (R.  1855) 77, 19, 148 

Dtegrals,  general,  of  planetary  motion^-S.  Newcomb 281 

Dtensity  of  heat  and  light  of  the  sun— L.  W.  Meech.     (R.  1856) 91,  83 

nterest,  letter  to  Secretary  of  Treasury  on  payment  of,  in  coin — J.  Henrt. 

(R.  1866) 209 

ntermixture  of  races— G.  Gibbs.     (R.  1864) 188 

Dtemal  structure  of  the  earth — J.  G.  Barnard 310 

nternational  ArchaK>logical  Congress,  Antwerp,  1866.     (R.  1866) 214 

nternational  code  of  symbols  of  archsdology — G.  De  Mortillet  ;  £.  Chantre. 

(R.  1876) 298 

nternational  exchange,  report  on — G.  H.  Boehmer 477 

nternational  Exhibition,  Philadelphia — See  Centennial. 

nternational  Fisheries  Exhibition,  Berlin,  catalogue  of  United  States  exhibit 

at— G.  B.  GooDE 418 
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Interpolation!  methods  of,  applicable  to  graduation  of  irregular  series.     Parti 

I,  II.— E.  L.  Db  Fobbst.    (R.  1871 ;  R.  1878) 249, 275 

Introduction,  letters  of.     (R.  1866) - 209 

Introduction  to  study  of  Coptic  language — M.  Kabds.     (R.  1867) 21b 

Invertebrata,  marine,  from  New  England  coast  distributed  by  United  States 

Fish  Commission,  list  of— A.  E.  Vbbrill  ;  R.  Rathbun.     (P.  1879)...    StS 

Invertebrata,  marine,  of  Grand  Manan — W.  Stimpsok .. 50 

Invertebrata,  marine,  of  northeastern  coast  of  America,  notice  of  recent  addi- 
tions to — A.  E.  Ybrrill  : 
Part     1.  Annelida,  etc.     (P.  1879) S8S 

Part  II.  Mollusea,  with  notes  on  Annelida,  etc.     (P.  1880) 4Si 

Part  III.  Catalogue  of  Molluaea  recently  added  to  fauna  of  southern  New 

England.     (P.  1880) - 426 

Invertebrate  fossils — 

check-list  of— T.  A.  Conbad 200 

from  Arkansas,  Wyoming,  Colorado,  and  Utah,  descriptions  of  new — 

C.  A.  White.     (P.  1880) _ 425 

of  North  America,  check-list  of— F.  B.  Mbkk... 177, 183 

report  on — F.  B.  Meek;  F.  V.  Haydek 172 

Invertebrates,  marine,  distributed  by  U.  S.  National  Museum,  list  of — R  Batb- 

Bim.     (P.  1881) 466,  467,  471 

Invertebrates — See  Marine  invertebrates. 

Investigation  of — 

anatomy  and  physiology  of  the  rattlesnake — S.  W.  Mitchbll 185 

disturbances  of  horizontal  component  of  magnetic  force — A.  D.  Baohb 162 

disturbances  of  vertical  component  of  magnetic  force — A.  D.  Bachb 175 

eleven  year  period  in  amplitude  of  solar-diurnal  variation  and  disturb- 
ances of  magnetic  declination — A.  D.  Bache 113 

illuminating  materials — J.  Henry.     (R.  1880) 442,  389 

influence  of  moon  on  magnetic  declination — A.  D.  Bache 132 

orbit  of  Neptune  and  tables  of  its  motion— S.  Newcomb 199 

orbit  of  Uranus,  with  tables  of  its  motion — S.  Newcomb 262 

Investigations — 

anthropological,  in  1879—0.  T.  Masow.     (R.  1879). 345,  420 

archfleological,  instructions  for — G.  Gibbs.     (R.  1861) 149 

chemical  and  physiological,  relative  to  certain  American  vertebrata — J. 

Jones 82 

of  Biela's  comet— J.  S.  Hubbard.     (R.  1862) 150 

scientific,  in  Russian  America,  suggestions  relative  to — J.  Henby 207 

Iowa — 

ancient  relics  in— J.  B.  Cutts.     (R.  1872) 271 

Delaware  county,  mounds  in — M.  W.  Moulton.     (R.  1877) 323 

Muscatine  county,  mounds  in — T.  Thompson.     (R.  1879) 345 

Ibby,  J.  R.  McD.     Works  and  character  of  Smithson 827 
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Iron  and  copper,  preseryation  of,  in  salt  water — A.  E.  Becqubbel.    (R.  1S64.)  188 

Ironclad  Monadnock,  deviation  of  compasses  on — W.  Harkkess 289 

Iron  ruat,  deatnicUve  efTect  of.     (R.  1861) 149 

Irradiation— AbM  MoiOKO.     (R.  1866) - 214 

Irritation  of  polarized  nerve,  effect  of— B.  F.  LAUTEyBACii.     (R.  1878)  —  841,  411 

Irving,  Washington,  notice  of,  by  C.  C.  Felton.     (R.  1859) 110 

ImTiNO,  W.     On  publication  of  Spanish  works  on  Now  Mexico.     (R.  1855)..-  .77 

ImwiN,  B.  J.  D.     Tuovon  meteorite.     (R.  1863) 187 

IsUnd— 

Petite  Anse,  salt  deposit  on — £.  W.  Hiloakd 248 

St.  Thomas,  hurricane  in — 6.  A.  Latimer:     (R.  1867) .  215 

Santa  Rosa,  history  and  antiquities  of— S.  BowKRH.     (R.  1877) 828 

Iilands — 

Fanning,  natural  history  of — T.  H.  Streets ^ 808 

Hawaiian,  natural  history  of— T.  H.  Streets 808 

Kerguelen,  natural  history  of^J.  H.  Kidder  and  others 298,  294 

North  American,  meteorological  stations  and  observers  in.     (R.  1868)  224,  878 

Pacific,  natural  history  of— W.  H.  Pease.     (R.  1862) 160 

Queen  Charlotte's,  Uaidah  Indians  of— J.  G.  Swan — .  267 
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Lake  Pepin,  antiquities  on  banks  of^L.  C.  Estks.     (R.  1866) 214 

Lake  Superior,  ancient  mining  on  shores  of — C.  Whittlesey 155 

Lake  Superior  copper  region,  circular  relative  to  ancient  mining  in — J.  Henry. 

(R.  1861)- - 149 

Lake  Superior,  Isle  Royale,  antiquities  of — A.  C.  Davis.     (R.  1874)  . 286 
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Lake  Winnipeg,  notes  on  egging  expedition  to — D.  Gunn.     (K.  1867) ..  215 

Lakes,  dates  of  opening  and  closing  of— F.  B.  Houou 182 

Xiftkes,  North  American,  fluctuations  of  level  in — C.  Whittlesey 119 

Lakes*  Norwegian,  statistics  relative  to— O.  E.  Dreutzer.     (K.  1866) 214 

Lalande  observations,  1796 — S.  C.  Walker 6 

Lamarck,  J.  B.     Distinction  between  tornadoes  and  tempests.     (K.  1871) 249 

Lamont,  J.     The  solar  eclipse  of  July  18,  1860.     (R.  1864) 188 

Land  and  fresh-water  shells — See  Shells. 

Land,  cessions  of,  by  Indian  tribes  to  United  Stat^i— 0.  0.  Koyce.    (£.  1879-80.)  476 

Land,  gradual  approach  of  sea  upon — S.  P.  Mayberry.     (R.  1867) 216 

Language — 

Carib  or  Karif— C.  H.  Berendt.     (K  1873) 27& 

Coptic,  introduction  to  the  study  of— M.  Kabis.     (R.  1867) 21& 

Dakota,  grammar  and  dictionary  of — S.  K.  Rioos 40 

dominant,  for  science- A.  De  Candolle;  J.  £.  Gray.     (R.  1874) 286 

evolution  of— J.  W.  Powell.     (E.  1879-80) 476 

of  aboriginal  Indians  of  America— G.  Gibbs.     (R.  1870) 244 

of  Dakota  or  Sioux  Indians- F.  L.  O.  Roehrio.     (R.  1871) 249,  378 

of  Navajos,  said  to  resemble  the  Welsh — S.  Y.  McMasters.     (R.  1866.)  209 

phonetic,  vocal  sounds  of  L.  Bridgman  compared  with  elements  of— F. 

LlEBER 12 

sign,  among  North  American  Indians  compared  with  that  among  other 

peoples  and  deaf  mutes— G.  Mallery.     (E.  1879-80) 476 

trade,  of  Oregon,  dictionary  of— G.  Gibbs 161 

trade,  of  Oregon,  vocabulary  of— B.  R.  Mitchell  ;  W.  W.  Turner  ,.  68 

Yoruba,  of  Africa,  grammar  and  dictionary  of — T.  J.  Bowen 98 

languages — 

Indian— G.  Placiienecker.     (R.  1862) 160 

Indian— G.  Gibbh.     (R.  1866) _.  209 

Indian,  method  of  recording — J.  O.  Dorbey;   A.  S.  Gatschbt;  S.  R. 

Rioos.     (E.  1879-80). 476 

liAPHAM,  I.  A.     Antiquities  of  Wisconsin 70 

Lapidary,  aboriginal,  stock-in-trade  of— C.  Rau.     (R.  1877) 823,  440,  402 

La  Place,  eulogy  on,  by  F.  Araqo.     (R.  1874) 286 

La  Rive — See  De  La  Rive. 

Lartet,  E.,  scientific  labors  of,  by  F.  Fisher.     (R.  1872) 271 

Larynx,  bibliography  of  diseases  of  the — W.  W.  Keen 800 

Latiloid  genera,  note  on— T.  Gill.     (P.  1881) 467 

Latimer  collection  of  antiquities  from  Porto  Rico— O.  T.  Mason.     (R.  1876.)  299,  397 

Latimer,  G.  A. — 

Earthquakes  in  St.  Thomas.     (R.  1867) 216 

Hurricane  at  Tortola,  St.  Thomas,  and  Porto  Rico.     (R.  1867) 216- 

Aeteorology  of  Porto  Rico.     (R.  1871) 24» 
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Latin  vocabulary  with  comparative  words  in  English,  Spanish,  and  French 170 

Latitudes  and  longitudes,  Arctic — E.  K.  Kane 129 

Laugel,  A.     The  sun,  its  chemical  analysis.     (R.  1861) 149 

Lausanne,  report  on  ethnological  collections  of  Museum  at — F.  Trotok.     (B. 

1861) 149 

Lautenbach,  B.  F.     Effect  of  il*ritation  of  a  polarized  nerve.     (R.  1878.)  841,  411 

Law,  a.  E.     Antiquities  of  Blount  county,  Tennessee.     (R.  1874) 286 

Law  of  deposit  of  flood-tide — C.  H.  Davis 33 

Law  of  variation  of  temperature  in  ascending  currents  of  air — J.  Hank.     (B. 

1877)- 823,396 

Law  of  variation  of  temperature  in  ascending  moist  currents — L.  Sohxcke. 

(R.  1877) - 828,398 

Lawrence,  G.  N. — 

Birds  of  southwestern  Mexico  collected  bv  F.  E.  Sumichrast 295 

Catalogue  of  Cher's  collection  of  birds  of  Antigua  and  Barbuda,  with 

his  notes.     (P.  1878) m 

Catalogue  of  Ober's  collection  of  birds  of  Dominica,  with  his  notes  and 

observations.     (P.  1878) Z32 

Catalogue  of  Cher's  collection  of  birds  of  Orenada,  including  others  seen, 

but  not  obtained.     (P.  1878) 832 

Catalogue  of  Cher's  collection  of  birds  of  Guadeloupe.     (P.  1878) 3S2 

Catalogue  of  Cher's  collection  of  birds  of  Lesser  Antilles,  with   table 

showing  distribution.     (P.  1878) _..    882 

Catalogue  of  Cher's  collection  of  birds  of  Martinique.     (P.  1878) 332 

Catalogue  of  Cher's  collection  of  birds  of  St.  Vincent,  with  his  notes. 

(P.  1878) 332 

Description  of  new  species  of  bird  of  family  Turdidce  from  Dominica, 

W.  I.     (P.  1880) 425 

Description  of  new  species  of  Ictertis  from  West  Indies.     (P.  1880) 425 

Description  of  new  species  of  parrot,  of  genus  Chrysotia,  from  Dominica. 
*         (P.  1880) 425 

Description  of  new  subspecies  of  Loxigilla  from  West  Indies.     (P.  1881.)    467 

Laws  of  atmospheric  circulation  over  the  earth — J.  H.  Coffin 268 

Lea,  I.     Check-list  of  the  shells  of  North  America 128 

Le  Conte,  John.     Constants  of  nature.     (R.  1878)  341 

Le  Conte,  J.  L. — 

Classification  of  coleoptera  of  North  America.     Parts  i,  ii 136,  265 

Coleoptera  of  Kansas  and  eastern  New  Mexico 126 

Instructions  for  collecting  coleoptera.     (R.  1858) 109 

List  of  coleoptera  of  North  America.     Parti 140 

New  species  of  North  American  coleoptera.     Parts  i,  ii 167,  264 

Revision  of  Melshcimer's  catalogue  of  coleoptera 62 

Le  Conte,  Joseph.     Lecture  on  coal.     (R.  1867) —    107 

Lecture  on  American  fire-alarm  telegraph— W.  F.  Ohakninq.     (R.  1864)  -^—      76 
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ures  on — 

agricultural  chemistry— S.  W.  Johnson.     (R.  1859) 110 

Arctic  explorations— I.  I.  Hates.     (R.  1861) — 149 

astronomy— A.  Caswell.     (R.  1868) 109 

bridges— F.  Rogers.     (R.  1861) 1_ 149 

bridges  and  roads — F.  Rogers.     (R.  1860) 147 

the  camel— G.  P.  Marsh.     (R,  1864) 76 

cancerous  tumors.     Toner  lecture  No.  i — J.  J.  Woodward — 266 

coal— J.  Le  Conte.     (R.  1867) 107 

dual  character  of  the  brain.  Toner  lecture  No.  ii — C.  £.  Brown-S^quard.  291 

electro-physiology — C.  Matteucci.     (R.  1866) 209 

insect  instincts  and  transformations — J.  O.  Morris.     (R.  1866) 77 

marine  algae— W.  H.  Harvey.     (R.  1866) ^ 77 

meteoric  stones— J.  L.  Smith.     (R.  1866) 77 

meteorology — R.  Russell,  with  notes  by  J.  Henrt.     (R.  1864) 76 

mollusca,  or  shell-fish  and  their  allies— P.  P.  Carpenter.  (R.  1860.)  147, 152 

natural  history  as  applied  to  farming  and  gardening — J.  G.  Morris. 

(R.  1866) - 77 

nature  and  cure  of  bites  of  serpents  and  wounds  of  poisoned  arrows — 

D.  Brainard.     (R.  1864) 76 

nature  of  reparatory  inflammation  in  arteries  after  ligature,  etc.     Toner 

lecture  No.  vii— E.  O.  Shakespeare 321 

oxygen  and  its  combinations — G.  I.  Chace.     (R.  1866) 77 

physical  ethnology— D.  Wilson.     (R.  1862) — 160 

planetary  disturbances — E.  S.  Snell.     (R.  1866) 77 

principles  of  linguistic  science— W.  D.  Whitney.     (R.  1868) 187,  352 

relations  of  time  and  space — S.  Alexander.     (R.  1861).. 149 

sanitary  drainage  of   Washington.      Toner  lecture   No.   yiii — G.   E. 

Waring,  Jr. - 349 

shells  of  Gulf  of  California— P.  P.  Carpenter.     (R.  1869) 110 

strain  and  over-action  of  the  heart.    Toner  lecture  No.  iii — J.  M.  Da 

Costa 279 

study  of  high  antiquity  in  Europe— A.  Morlot.  (R.  1862;  R.  1864.)  160, 188 

study  of  nature  and  mechanism  of  fever.     Toner  lecture  No.  it — H. 

C.  Wood 282 

surgical  complications  and  sequels  of  fevers.     Toner  lecture  No.  v — W. 

W.  Keen - 300 

Switzerland— A.  D.  Bachk.     (R.  1870) 244 

syllabus  of  a  course  of,  on  physics — J.  Henry.     (R.  1866)^ 91 

undulatory  theory  of  light— F.  A.  P.  Barnard.     (R.  1862) 150 

the  Union— H.  Reed.     (R.  1864) 76 

vastness  of  visible  creation — S.  Alexander.     (R.  1867) 107 

zone  of  small  planets  between  Mars  and  Jupiter — E.  Looms.     (R.  1864.)  75 
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Lectures,  Toner — 

No.  I.  Cancerous  tumors — Woodward . . 2€€ 

II.  Dual  character  of  brain — Bbown-S^quabd 291 

III.  Over-action  of  heart — Da  Costa i 279 

IV.  Study  of  fever — Wood 282 

V.  Continued  fevers — Keen 900 

VI.  Sub-cutaneous  surgery — Adams 302 

VII.  Reparatory  inflammation — Shakespeare 321  ' 

VIII.  Sanitary  drainage  of  Washington — Waring 349 

Lee,  Dr.     Progress  of  astronomical  photography.     (R.  1861) 149 

Lee,  J.  C.  Y.     Ancient  ruin  in  Arizona.     (R.  1872) 271 

Legacy — See  Bequest.  ♦ 

Legendre,  memoir  of,  by  E.  De  Beaumont.     (R.  1867) 215 

Leidy,  J. — 

Ancient  fauna  of  Nebraska 58 

Cretaceous  reptiles  of  the  United  States 192 

Extinct  sloth  tribe  of  North  America 72 

Extinct  species  of  American 'ox 41 

Fauna  and  flora  within  living  animals «.  44 

On  parasites 44 

Report  on  fossils  from  Nebraska.     (R.  1851) 61 

Review  of  cretaceous  reptiles  of  United  States.     (R.  1864) 188 

Leidy,  J. ;  Tryon,  G.  W.     Report  on  shells  presented  to  Academy  of  Natural 

Sciences.     (R.  1865) _ 209 

Leipsic  Museum  of  Ethnology— A.  Schott;  O.  T.  Mason.     (R.  1873) 275 

Lemstrom,  S.  ;  De  La.  Rive,  A.  A.     Electricity  of  the  atmosphere  and  the 

aurora  borealis.     (R.  1874) 286 

Lens,  account  of  Priestley's— J.  Henry.     (R.  1859) 110 

Lepidopsetta  isolepis,  new  flat  fish,  found  in  markets  of  San  Francisco,  note 

on— W.  N.  LocKiNGTON.     (P.  1880) 425 

Lepidoptera — 

appendix  to  Morris'  synopsis  of — B.  Clkmkns 1113 

described,  of  North  America,  catalogue  of — J.  G.  Morris 118 

described,  of  North  America,  synopsis  of.     Part  i — J.  G.  Morris 133 

diurmil,  of  Arctic  America — W.  II.  Edwards 342 

instructions  for  collecting — B.Clemens.     (R.  1858) 1(K» 

introduction  to  Morris'  synopsis  of — V.  Hkinemann 13S 

method  of  preserving— T.  R.  Peale.     (R.  1863) 187 

nocturnal,  of  Arctic  America — S.  H.  Scudder 1 342 

notes  to  Morris'  synopsis  of — W.  H.  Edwards 133 

Lepsius,  R.     Presentation  of  books  on  Egypt.     (R.  1800) 147 

Leptocardii,  arrangement  of  families  of— T.  Gill 247 

Lesley,  J.  P.     On  the  classification  of  books.     (R.  1862)  — 150 
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I«X8PiAULT,  Prof.    Small  planets  between  Mars  and  Jupiter.     (B.  1861) ito 

liesser  Antilles,  catalogue  of  Ober's  collection  of  birds  of— G.  N.  Lawkkvge. 

(P.  1878) . - 882 

Latter— 

by  M.  Hoek  in  reference  to  meteoric  shower  of  November  18,  1867 217 

from  Robert  Hare  relative  to  gift  of  apparatus I,  829 

from  Joseph  Henry  to  Secretary  Treasury  on  payment  of  interest  in 

coin.     (R.  1866). 209 

from  Richard  Rush  relative  to  Smithson.     (R.  1868) 67,  828 

liSTTKRMAK,  J.    Skctch  of  thc  Navajo  Indians.     (R.  1866) 77 

Iietters — 

of  introduction.     (R.  1866) 209 

on  work  of  the  Museum— B.  Phillips.     (P.  1881) 467,  454 

relative  to  programme  of'  organization  of  Smithsonian  Institution 828 

relative  to  Smithson's  bequest 828 

Ijeurynnis,  Lockington,  identity  of,  with  Lycodopsia^  Collet — T.   Gill.     (P. 

1880) - 426 

liovol,  fluctuations  of,  in  North  American  lakes — 0.  Whittlesey 119 

Lbwis,  J.   Instructions  for  collecting  land  and  fresh- water  shells.  (R.  1866.)  214,  363 

liOwis,  J.,  letter  of,  to  G.  "W.  Tryon,  Jr.,  on  shells ^ 268 

Lewis;  Quale.     Account  of  cryolite  of  Greenland.     (R.  1866) 214 

Lexington,  Kentucky,  ancient  mound  near — R.  Peter.     (R.  1871) 249 

Liberia,  mixed  races  in— E.  D.  Bltdek.     (R.  1870) 244 

Liberia  College,  facts  respecting — A.  Crummell.     (R.  1861) 149 

Libraries — 

circular  res|>ecting  new  report  on — J.  Henry.     (R.  1864) 76 

construction  of  catalogues  of,  and  their  publication  by  means  of  separate 

stereotyped  titles— C.  C.  Jewett 47 

general  catalogue  system  for — C.  C.  Jewett.     (R.  1860) 28 

general  catalogue  system  for,  report  of  Commission  on.     (R.  1860) 28 

public,  in  United  States  and  British  Provinces,  list  of— W.  J.  Rhees.  116,  238 

public  of  United  States,  notices  of— C.  C.  Jewett.     (R.  1849) —  21,  25 

report  of  Commission  on  stereotype  catalogue  of ..       47 

rules  for  cataloguing — C.  C.  Jewett 47 

Library- 
Beaufort,  deposit  of— E.  M.  Stanton'.     (R.  1862) 160 

Bishop  Johns',  deposit  of— E.  Candy.     (R.  1862) 160 

Imperial,  of  Vienna,  books  presented  by.     (R.  1865) 209 

of  Bureau  of  Ethnology,  catalogue  of  linguistic  manuscripts  in — J.  C. 

Pilling.     (E.  1879-80) 476 

of  Indian  linguistics,  account  of— J.  G.  Shea.     (R.  1861) 149 

of  National  Museum,  circular  asking  contributions  to.     (P.  1881)—  467,  458 

on  a  national— W.  S.  Jevons.     (R.  1878) -     276 
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# 

Library  of  Congress — 

act  of  Cougress  to  transfer  Smithsonian  library  to.     (B.  1865) 209,  S28 

catalogue  of  publications  of  societies  and  of  periodical  works  belonging  to 

the  SmiUisonian  Institution  deposited  in 179 

meteorological  articles  received  by  the  Smithsonian  Institution  and  de- 
posited in.     (R.  1871;  R.  1878) 249,275 

Library  of  Smithsonian  Institution — 

act  of  Congress  to  transfer,  to  Library  of  Congress.     (B.  1,866) 209,  328 

additions  to — See  each  annual  report. 

and  copyright  system — C.  C.  Jewett.     (R.  1851) 51 

and  Halliwell  manuscripts,  report  on — C.  C.  Jewett.     (R.  1852) 57 

catalogue  of  publications  of  societies  and  other  periodical  works  in,  117, 179 

donations  to,  from  foreign  institutions.     (R.  1864) 188 

publications  of  learned  societies  and  periodicals  in.     Parts  i,  ii 73,  85 

report  on— C.  C.  Jewett.     (R.  1848,  1849,  1853) I,  21,  67 

report  on  plan  of— C.  C.  Jewett.     (R.  1847) H 

statistics  of,  1846-1877 829 

Lichens  of  Arctic  America — E.  Tuckerman 342 

Lichens  of  Kerguelen  Island — E.  Tuckerman 294 

LiEBER,  F.     Vocal  sounds  of  Laura  Bridgman  coippared  with  elements  of 

phonetic  language ^ 12 

LiEBiQ,  J.  vox.     Induction  and  deduction.     (R.  1870) 244 

Life — 

and  character  of  Joseph  Henry — J.  C.  Welling S36,  338 

and  labors  of  Henry  Gustavus  Magnus.     (R.  1870) 244 

and  scientific  labors  of  Stefano  Marianini — C.  Matteucci.     (R.  1869)..  228 

and  works  of  Michael  Faraday— A.  A.  De  La  Rive.     (R.  1867) 215 

and  works  of  Kepler— M.  Bertiirand.     (R.  1869) 228 

of  George  Catlin— J.  Henry.     (R.  1872) 271 

of  Prof.  Chester  Dewey— M.  B.  Anderson.     (R.  1870) 244 

Life — See  Biography,  Eulogy,  Memoirs. 

Light — 

and  heat  of  sun,  relative  intensity  of— L.  W.  Meech.     (R.  1866) 91,  83 

polar,  or  aurora  borealis,  its  phenomena  and  laws — E.  LooMis.     (R.  1865.)  209 

undulatory  theory  of,  lectures  on — F.  A.  P.  Barnard.     (R.  1862) 150 

velocity  of,  essay  on — C.  Delaunay.     (R.  1864) 188,  354 

Light-House  Board — 

investigations  by,  relative  to  illuminating  materials — J.  Henry.     (R. 

1880) _. 442,389 

proceedings  of,  on  death  of  J.  Henry 356 

researches  by,  in  sound — J.  Hknry.     (R.  1878) 341,  406 

Lighting,  architecture  in  relation  to — D.  B.  Reid.     (R.  1866) 91 
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Lightning — 

and  thunder,  observations  on — S.  Masterman.     (R.  1865) 77 

discharges,  accounts  of— G.  W.  Dodqe  and  others.     (R.  1867) 216 

efTectof— S.  L.  Hillieb.     (R.  1866) 214 

Lightning-rods,  directions  for  constructing — J.  Henry 237 

Lille,  Imperial  Society  of  Science,  Agriculture,  and  Arts  of.     Prize  questions. 

(R.  1866) 209 

LiLLJEBORQ,  W.     Outline  of  systematic  review  of  the  classification  of  birds. 

(R.  1866) -. 209,  364 

Limitations  to  use  of  some  anthropological  data — J.  W.  Powell.     (E.  1879-80.)    476 

Limpets  from  deep  waters  off  eastern  coast  of  U.  S. — W.  H.  Dall.     (P.  1881.)    467 

Limpets  of  Alaska  and  Arctic  region,  report  on — W.  H.  Dall.     (P.  1878) 882 

Lindheimer's  botanical  exploration  in  New  Mexico  and  California,  account  of — 

'  A.  Gray.     (R.  1849) 21 

Linguistic  manuscripts  in  library  of  Bureau  of  Ethnology,  catalogue  of — J.  C. 

Pilling.    (E.  1879-80) _ _ 476 

Linguistic  science,  lectures  on  principles  of—W.  D.  Whitney.     (R.  1868.)  187,  352 

Linguistics,  Indian,  account  of  library  of— J.  G.  Shea.     (R.  1861) 149 

Linguistics,  Indian,  recommendation  of  Shea's — G.  Gibbs  and  others.  (R.  1861.)  149 

LiOKNET,  M.     Vocabulary  of  the  Chinook  jargon 68 

Liparis  ranula,  new  species  of,  obtained  by  U.  S.  Fish  Commission  off  Halifax, 

Nova  Scotia— G.  B.  Goode;  T.  H.  Bean.     (P.  1879) 883 

Liquids,  expansion  of,  by  heat — F.  W.  Clarke 289 

Liquids,  specific  heats  of— F.  W.  Clarke 276 

Lisboa,  M.  M.,  books  on  Brazil,  presented  by.     (R.  1865) ^ «  209 

List  of— 

additions  to  Museum — See  each  annual  report. 

addresses  of  foreign  institutions,  1862-1866.     (R.  1866) 209 

algoa  of  Rhode  Island— S.  T.  Olney —  241 

American  correspondents . 69 

American  libraries  and  public  institutions — W.  J.  Rhbes 238 

anthropological  publications  of  Charles  Rau.     (P.  1881)* 467 

apparatus  available  for  scientific  research.     (R.  1878) 841 

articles  deposited  by  Smithsonian  Institution  in  Corcoran  Gullory  of  Art. 

(R.  1874)  -_ 286 

birds  and  mammalia  of  Missouri  river — E.  Harris.     (R.  1860) 28 

birds  of  central  California,  partial — L.  Beldinq.     (P.  1878) 882 

birds  of  District  of  Columbia- E.  CouES;  S.  S.  Prentiss.     (R.  1861)—     149 
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Report  I'n  meteoroloiry  of  thc.United  States.     (R.  1847) . 
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etc.     (R.  1857) 1 107 

kBTERMAN,  S.    Observations  on  thunder  and  lightning.     (R.  1855) 77 
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Mazatlan,  descriptions  of  new  fishes  from — D.  S.  Jordan  ;  G.  H.  Gilbert. 
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Meads,  O.     Memorial  of  Joseph  Henry 366 

Means  available  for  correcting  measures  of  sun's  distance — G.  B.  Airt.     (R. 
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Knight.     (R.  1867j 216 

of  sun's  distance— G.  B.  AiitY.     (R.  1859) 110 
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Henry,  Joseph,  by  A.  Gray.     (R.  1878) 841,  866,  407 
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Hodgkinson,  Eaton,  by  R.  Rawson.     (R.  1868) 224 
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Peltier,  J.  C.  A.,  by  F.  A.  Peltier.     (R.  1867) 215 
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mosasaurus — R.  W.  Gibbes 14 

Memoranda  for  collectors  of  drugs  for  materia  medica  section  of  the  U.  S. 
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of  citizens  of  Philadelphia  relative  to  Lowe's  aeronautic  voyage  across 

the  Atlantic.     (R.  1860) . 147,829 
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well  232 

Merino,  St.  M.     Figure  of  the  earth.     (R.  1863) _» 187 
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Meteorites — 
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in  Mexico — J.  H.  Oarleton.     (R.  1865) 209 
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Meteorology — 
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If  ethodi  of— Continued. 
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Mexican  boundary,  forests  and  trees  of  Florida  and  the — J.  G.  Cooper.  ( R.  1860.)  1 47 

Mexican  history  and  archaeology,  observations  on — B.  Mayer 86 

Mexican  Society  of  Geography  and  Statistics.  Exchanges.  (R.  1861 ;  R.  1865.)  149,209 

Mexico — 

description  of  large  fossil  gasteropod  from — C.  A.  White.     (P.  1880)..  426 

description  of  new  fishes  from — D.  S.  Jordak  ;  C.  H.  Gilbert.  (P.  IhSI.)  407 

description  of  new  species  of  genus  Brevoortia  from — G.  B.  Goodb.     (P. 

1878) 882 

eastern,  earthquake  in,  January,  1806— C.  Sartorius.     (R.  1866) 214 

explorations  of  John  Xantus  in — M.  Romero.     (R.  1862) 160 

Guanajuato  and  Chapala  lAke,  notes  on  Dugds'  collection  of  fishes  fr«»m — 

D.  8.  Jordan.     (P.  1879) : 833 

list  of  deticrib4*d  birds  of,  not  in  Smithsonian  collection — .  185 

magnetic  observations  in — Baron  von  MiJLLER;  A.  Sonntaq ^  1 14 

meteorite  in— R.  Simson.     (R.  1807) - - 216 

meteorite  in — A.  Wood  worth.     (R.  1867) 216 

meteorite  in,  discovery  of— W.  M.  PiERSON.     (R.  1878) 276 

meteorites  in— J.  U.  Carleton.     (R.  1805)    1*09 

notes  on  fishes  from,  collectt^d  by  Lieut.  11.  £.  Nichols — D.  S.  Jordan  ;  C. 

H.  Gilbert.     (P.  1881) 407 

scientific  expedition  to,  report  addressed  to  Km()eror  of  France  by  Min- 
ister of  Public  Instruction.     (R.  1804) 188 

southwestern,  birds  of,  collected  by  F.  £.  Sumichrast — G.  N.  1«awre.nce.  296 

Vera  Cruz,  account  of  antiquities  in— H.  Finck.     (R.  1870) 244 

Mexico,  Gulf  of,  catalogue  of  fishes  collected  in,  by  J.  W.  Velie— G.  B.  Goodk  ; 

T.  H.  Bkan.     (P.  1879) SOS 

Mexico,  Gulf  of,  mortality  of  fishes  in— J.  P.  Jeffbrsok.     (P.  1878) '»2 

Mica  beds  in  Alabama— W.  Gesner.     (R.  1879) — «45 

Mica  mines,  ancient,  in  North  Carolina — C.  D.  Smith.     (R.  IbTO) 299 

Michigan — 

ancient  mining  in — C.  Whittlesey 166 

Beaver  Island,  natural  history  of— J.  J.' Strang.    (R.  1864) 76 
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Michigan — Continued. 

catalogue  of  rocks,  minerals,  and  ores  collected  on  geological  raryej  in — 

C.  T.  Jackson.     (R.  1864). __ 76 

characteristics  pertaining  to  ancient  man  in — H.  Gillmak.  (B.  1875.)  298, 393 

Isle  Boyale,  Lake  Superior,  antiquities  of— A.  C.  Davis.     (B.  1874) 286 

mound-builders  and  platycnemism  in — H.  Gillman.    (R.  1873) 27u,  393 

Microscope,  the.     (R.  1860) — 147 

Microscopic  organisms — 

directions  for  collecting — - tt 

directions  for  collecting,  preserving,  and  transporting — A.  M.  Edwards.  366 

notes  on  new  species  and  localities  of — J.  W.  Bailey 63 

Microscopical  examination  of  Japanese  infusorial  earths  ~ A.  M.  Bdwards 202 

Microscopical  examination  of  soundings  made  by  IT.  ti.  Coast  Survey  off  At- 
lantic coast  of  United  States — J.  W.  Bailst 20 

Microscopical  observations  in  South  Carolina,  Georgia,  and  Florida — J.  TV. 

Bailey 23 

Middle  America — 

birds  of— S.  F.  Baird _ 181 

birds  of,  circular  for  collecting 168 

birds  of,  not  in  National  Museum— R.  Ridoway.     (P.  1881) 467 

(explanation  of  term) 181 

Migration,  the  American — F.  von  Hellwald.     (R.  1866) 214 

Migrations  and  nesting  habits  of  west  coast  birds — J.  G.  Cooper.     (P.  1879)-.  33$ 

Milan  Agricultural  Association.     Exchange  of  publications.     (R.  1863) 187 

Milky  way,  bibliography  of  works  relating  to — E.  S.  Holdbn 311 

Miller,  F.     Mound  in  Trumbull  county,  Ohio.     (R.  1877) _ 323 

Mills,  Clark,  casts  of  heads  of  Indian  boys  and  girls  at  Hampton,  Virginia, 

taken  by.     (P.  1879) 3*J 

* 

Mills,  Clark,  casts  of  heads  of  Indian  prisoners  in  Florida  taken  by.     ( P.  1878.)  332 

Mineral,  jade,  study  of— S.  Blondel.     (K.  1876) 299 

Mineralogical  collection,  arrangement  of — C.  U.  Shepard.     (R.  18GI) 149 

Mineralogicul  collection  of  Yale  College,  catalogue  of  meteorites  in  the — G.  J. 

Brush.     (R.  1868) _.  224 

Mineralogicul   composition   of    the   normal   mcsozoic   diabase   upon    Atlantic 

border— G.  W.  Hawes.     (P.  1881) 467 

Mineralogy,  progress  in,  in  1879  and  1880— G.  W.  Hawes.     (R.  1880)  ..-  442,  423 

Minerals — 

and  ores  collected  on  geological  survey  in  Michigan,  catalogue  of — C.  T. 

Jackson.     (R.  1864) 75 

and  rocks,  catalogue  of — .1.  W.  Foster.     (R.  1854) 75 

and  rocks,  catalogue  of — J.  D.  Whitney.     (R.  1854) .•._.  75 

catalogue  of,  with  their  formulas,  etc. — T.  Eqlcston 156 

in  U.  S.  National  Museum  in  1878,  list  of— F.  M.  Endlich.     (R.  1873.)  275 
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Minerals — Continued.  • 

in  U.  S.  National  Museum  in  1879,  list  of^F.  M.  £ndlich.     (P.  1880.)  425 

rocks,  ores,  and  fossils,  catalogue  of — J.  Lockk.     (R.  1854) 75 

Mines,  ancient  mica,  in  North  Carolina— C.  D.  Smith.     (R.  1876) 200 

Mining,  ancient,  in  Lake  Superior  copper  region,   circular  relative  to— J. 

Henry.     (R.  1861) 149 

Mining,  ancient,  on  shores  of  Lake  Superior — C.  Whittlkset 155 

Mining  Department,  Melbourne.     Exchange  system.     (R.  1865) 209 

Minnesota — 

ancient  town  in,  account  of— O.  H.  Kellet.     (R.  1863) 187 

Fort  Ripley,  natural  history  of  country  about — J.  £.  Uead.     (R.  1854.)  75 

Hennepin  county,  mounds  on  Gideon's  farm  near  Excelsior — F.  U.  Nut- 
ter.    (R.  1879) -..- - 345 

Lake  Pepin  and  Mississippi  river,  antiquities  on  banks  of — L.  C.  Ester. 

(R.  1866) - - 214 

Red  river  of  the  North,  ethnology  of  Indians  of— W.  H.  Gardner. 

(R.  1870) 244 

Minnesota  Historical  Society.     Dakota  grammar 40 

Miocene  fopsils,  check  list  of— F.  B.  Meek .— 183 

Miscellanea,  Museum,  labels,  etc. — S.  F.  Baird 164 

Miscellaneous  Collections,  Smithsonian.     Vols,  i-xxni.'  122,  123,  124,  125,  158,  169, 

191,  212,  213,  250,  273,  274,  312,  814,  315,  322,  386,  337,  416,  423,  424,  468,  475 

Miscellaneous  Collections,  Smithsonian,  catalogue  and  index  of 478 

Miscellaneous  tables — A.  Guyot 153 

Missionary  Society,  Southern.     Yoruba  grammar  and  dictionary 98 

Missions — See  American  Board  of  Commissioners. 

Mississippi — 

aboriginal  lapidary  in— C.  Rau.     (R.  1877)  .— 323,  402 

eastern,  collection  of  fishes  from— O.  P.  Hay.     (P.  1880) 425 

mounds  in— S.  A.  Agnew.     (R.  1867) 215 

Washington  county,  mounds  in — .J.  Houoh.     (R.  1879) .-.  845 

Yazoo  county,  antiquities  of— J.  W.  C.  Smith.     (R.  1874) 286 

Mississippi  river  and  Lake  Pepin,  antiquities  on  banks  of — L.  C.  Estbs.     (R. 

1866) .' - 214 

Mississippi  river,  description  of  new  species  of  fishes  from — T.  H.  Bran.     (P. 

1879) 838 

Mississippi  valley,  ancient  monuments  of — E.  G.  Squier;  E.  H.  Davu 1 

Mississippi  valley,  physical  geography  of— C.  Ellet,  Jr . 13 

Missouri — 

ancient  relics  in— J.  W.  Foster.     (R.  1863) 187 

antiquities  in— I.  Dille.     (R.  1862) 160 

Kansas  City,  antiquities  of— W.  H.  R.  Lykins.     (R.  1877) 828 

New  Madrid,  earthquake  at— T.  Dudley.    (R.  1868).— 109 
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HiFSOuri— OoDtinued.  • 

prehistoric  evidences  in— O.  C.  Broadhkad.     (R.  1879) S46 

SU  Louis,  ancient  mound  at— T.  R.  Peale.     (R.  1861) 149 

St.  Louis,  temperature  of— A.  Fendler.     (R.  1880) 147 

upper,  expedition  to  Mauvaises  Terresand — A.  Gulbertsoit.     (R.  1850.)  28 

upper,  list  of  plants  of— T.  C.  Porter.     (R.  1860) 28 

upper,  palsBontology  of— P.  B.  Meek;  P.  V.  Hatdek 1T2 

western,  exploration  of— P.  R.  Hoy.     (R.  1864) 188 

Missouri  river,  ancient  earthworks  on — A.  Barrandt.     (R.  1870) 2(4 

Missouri  river,  list  of  birds  and  mammalia  of — E.  Harris.     (R.  1850) 28 

Mitchell,  A.     Antiquities  of  Florida.     (R.  1874) 286 

Mitchell,  B.     Mounds  in  Pike  county,  Illinois.     (R.  1879) 845 

Mitchell,  B.  R.  ;  Turner,  W.  W.     Vocabulary  of  the  jargon  of  Oregon  —  €8 

Mitchell,  S.  S.     Funeral  sermon  of  Joseph  Henry 3M 

Mitchell,  S.  W.     Inquiries  relative  to  disease  known  as  chorea.    (R.  1874)  ..  286 

Mitchell,  S.  W.     Researches  upon  the  venom  of  the  rattlesnake 135 

Mitchell,  S.  W.  ;  Morehouse,  G.  R.     Researches  upon  anatomy  and  physi- 
ology of  respiration  in  chelonia 159 

Mitla,  drawings  of — J.  G.  Sawkins 86 

Mixed  races  in  Liberia— E.  D.  Blyden.     (R.  1870) 244 

Mobile  river, shell-heaps  on— A.  S.  Gaines;  K.  M.  Cunningham.     (R.  1877.)  8t8 

Modern  theory  of  chemical  types — C.  M.  Wetherill.     (R.  1863) 187 

Modes  of  flight  in  relation  to  aeronautics — J.  B.  Pettigrew.     (R.  1807) 215 

MoiGNO,  F.  N.     Accidental  or  subjective  colors.     (R.  1866) 214 

Molina,  L.,  Costa  Rican  minister,  recommending  Dr.  Berendt.     (R.  1805) 209 

Mollusca  of  Northeastern  coast  of  America.     Parts  i,  ii,  iii — A   E.  Vekrill. 

(P.  1879;   P.  1880)  ,_.    338,425 

Mollusca,  or  shellfish,  and  their  allies,  lectures  on — P.  P.  Carpenter.     (R. 

18G0) _.   147,  152 

Molluscoids  of  Arctic  America — A.  E.  Verrill 342 

Mollusks — 

arrangement  of  families  of — T.  Gill 227 

bibliography  of— T.  Gill 127 

eocene,  some  new  species  of,  from  southern  United  States — A.  Hkilprin. 

(P.  1880) 425 

new  forms  of,  from  Alaska— W.  H.  Dall.     (P.  1878) 332 

of  Arctic  America — VV.  H.  Dall 342 

of  Kerguelen  Ij«land— W.  U.  Dall  __.  204 

of  western  North  Amt^rica — P.  P.  Carpenter 252 

Monadnock,  irr>nclMd,  deviation  of  compassed  on — W.  Harknk.ss 239 

Alongolia,  geological  researches  in — R.  Pumpelly 202 

Monograph  of — 

American  corbiculadse,  recent  and  fossil — T.  Prime 145 
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Monograph  of-— Continued. 

bats  of  North  Amoricft — H.  Allvk 165 

cottoids  of  North  America — 0.  Girard 30 

dolichopodidie — H.  Loew 171 

ortalidse— H.  Loxw 256 

strepomatid»,  (American  melanians) — G.  W.  Tryon 253 

tipulidse — C.  R.  Ostex  Sackbx 219 

wasps— H.  Dk  Saitssure 254 

Monographs  of  diptera  of  North  America — 

Part     I — H.  LoEW;  R.  Osten  Sacken 141 

Part   n — H.  LoEW;  R.  Ostxn  Sacken 171 

Part  III — H.  Loew 256 

Part  IV — R.  OsTEN  Sacken- 219 

Montana,  distribution  of  forest  trees  in— W.  W.  Johnson.     (R.  1870) 244 

Montana,  prehistoric  remains  in — P.  W.  Norris.     (R.  1879) 845 

Monterey  Bay,  California,  now  fishes  from — D.  S.  Jordan  ;  C.  H.  Gilbert. 

(P.  1880) _ 425 

Monument  to  Joseph  Henry,  proceedings  of  Congress  relative  to 856 

Monuments — 

aboriginal,  of  State  of  New  York— E.  G.  Squibr 15 

ancient,  of  the  Mississippi  valley — E.  G.  Squier;  E.  H.  Davis 1 

and  antiquities  of  Denmark,  preservation  of —J.  J.  A.Worsaab.  (R.  1879.)    845 
Moon — 

effect  of,  on  the  magnetic  force— A.  D.  Bachb 162,  175 

effect  of,  on  the  weather— J.  Henry.     (R.  1871) 249 

influence  of,  on  magnetic  declination — A.  D.  Bache 182 

occultations  of  planets  by — See  Downes,  J. 

Moon-hoax,  on  the— J.  Henry.     (R.  1873) 275 

Moore,  M.  A.     Fish  mortality  in  the  Gulf  of  Mjjpxico.     (P.  1881) 467 

Moore,  T.,  and  others.     Destruction  of  fish  near  the  Tortugas.     (P.  1878) 882 

Morehouse,  G.  W.  ;  Mitchell,  S.  W.     Anatomy  and  physiology  of  respira- 
tion in  chelonia 159 

MoRriT,  C  ;  Booth,  J.  C.     Recent  improvements  in  chemical  arts 27 

MORQAK,  L.  H.— 

Circular  in  reference  to  degrees  of  relationship  among  different  nations..    138 

Proposed  ethnological  map  of  North  An^erica.     (R.  1861) 149 

Systems  of  consanguinity  and  affinity  of  the  human  family 218 

Morgan,  L.  H.,  circular  to  diplomatic  agents  by  State  Department  relative  to 

research  of 188 

MORIN,  A.     Warming  and  ventilating  buildings.     Parts  i,  ii.     (R.  1873;  R. 

1874) _ — 276,  286,  439 

Moblot,  a. — 

Abstract  of  Dr.  Keller's  report  on  lacustrian  settlements  in  Switzerland. 

(R.  1868) 187 
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MoRLOT,  A.— Continued. 

Archaaology.     (R.  1861) -    149 

General  views  on  archsBology.     (R.  1860) 147 

Lecture  on  study  of  high  antiquity  in  Europe.     (B.  1862;  B.  1864.)  150, 188 

Morris,  J.  G.— 

Catalogue  of  described  lepidoptera  of  North  America 118 

Lecture  on  insect  instincts  and  transformations.     (R.  18^) 77 

Lecture  on  natural  history  as  applied  to  farming  and  gardening.  (B.  1865. )     77 

Synopsis  of  described  lepidoptera 133 

Morris,  O.  W. ;  Henry,  J.     Quantity  of  rain  at  different  heights.     (R.  1855.)     77 

Morse,  S.  F.  B.,  account  of  origin  and  development  of  invention  of — W.  B. 

Taylor.     (R.  1878)- 841,40$ 

Morse,  S.  F.  B.,  communication  relative  to  a  publication  of — J.  Hexry.     (R. 

1867) - - 107,  115,  8» 

Mortality — 

of  flshfes  in  Gulf  of  Mexico— E.  Inoersoll.     (P.  1881) 467 

of  fishes  in  Gulf  of  Mexico— J.  P.  Jefferson.     (P.  1878) 832 

of  fishes  in  Gulf  of  Mexico— S.  H.  Johnson.     (P.  1881) 467 

of  fishes  in  Gulf  of  Mexico— M.  A.  Moore.     (P.  1881) _— 467 

of  fishes  in  vicinity  of  Tortugas — J.  P.  Jefferson  ;  T.  Moore  ;  J.  T. 

Porter.     (P.  1878) 3.12 

tables  of,  methods  of  interpolation  applied  to  graduation  of — E.  L.  De 

Forest.     (R.  1871;  R.  1873) 249,275 

MoRTiLLET,  G.  DE ;  Chantre,  E.     International  code  of  symbols  for  charts  of 

prehistoric  archeology.     (R.  1876) 298 

Morton,  S.  G.,  and  others.     On  publication  of  Squier  and  Davis'  ancient  mon- 
uments.    (R.  1847) — - _—      H 

Mortuary  customs  of  Morth  American  Indians — H.  C.  Yarrow.     (E.  1879-80.)     476 

Mososaurus  and  the  three  allied  genera,  Holcodus,  ConosauruSj  and  Amphoros- 

ieuSf  memoir  on — K.  W.  Gibbes 14 

Motion,  planetary,  general  integrals  of— S.  Newcomb 281 

Motion,  rotary,  problems  of,  presented  by  gyroscope,  precession  of  equinoxes. 

and  pendulum — J.  G.  Barnard _   240 

MoTscnuLSKY,  V.     On  means  of  destroying  the  grasshopper.     (R.  1858; 109 

Moulton,  M.  W.     Mounds  in  Delaware  county,  Iowa.     (R.  1877) -VI^l 

Mound  in — 

Dakota,  Lincoln  county — A.  Baruandt.     (R.  1872) 271 

Florida,  colored  bead  from — A.  M.  Harrison.     (R.  1877) 323 

Florida,  gold  ornament  from— C,  Rad.     (R.  1877) 323,  440,  403 

Indiana— W.  Pidoeon.     (R.  1867) ^a _,.  215 

Kentucky,  near  Lexington — R.  Peter.     (R.  1871) 249 

Missouri,  St.  Louis— T.  R.  Peale.     (R.  1861) 149 

Ohio,  Trumbull  county— F.  Miller.     (R.  1877; 323 

Pennsylvania,  western— W.  M.  Taylor.     (R.  1877) -_ 323 
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dound  in — Continued. 

Tennessee,  near  Chattanooga — M.  C.  RsxD.     (R.  1867) 215 

Tennessee,  east — A.  P.  Danilbek.     (R.  1868) 187 

Wisconsin— C.  K.  Dkan.     (R.  1872) 271 

Wisconsin,  Grant  county— J.  Waknbr.     (R.  1872) 271 

found-builders — 

and  platycnemism  in  Michigan — H.  Gillman.     (R.  1878) 275,  393 

in  Rock  river  valley,  Illinois— J.  Shaw.     (R.  1877) 828 

of  Wisconsin,  mounds  and  osteology  of — J.  N.  De  Hart.     (R.  1877) 828 

founds  and  osteology  of  the  mound-builders  of  Wisconsin — J.  N.  De  Habt. 

(R.  1877) 828 

founds  in — 

DakoU,  Fort  Wadsworth— A.  J.  Comfort.     (R.  1871) 249 

Florida,  (southern,)  explorations  among— 8.  T.  Walker.    (K.  1879) 845 

Georgia— M.  F.  Stephenson.     (R.  1870) 244 

Georgia,  Bartow  county— M.  F.  Stephenson.     (R.  1872) 271 

Georgia,  Mcintosh  and  Early  counties— W.  McKinlbt.     (R.  1872)...  271 

Illinois,  Mercer  county— T.  McWhortjcr.     (R.  1874) 286 

Illinois,  near  Albany,  skull  and  bones  from — R.   J.   Farquhabsoit. 

(R.  1874) ._ 286 

Illinois,  Pike  county — B.  Mitchell.     (R.  1879) 845 

Illinois,  Rock  Island  county— T.  Thompson.     (R.  1879) 845 

Illinois,  Spoon  river  valley— W.  H.  Adams.     (R.  1879) 845 

Illinois,  Union  county,  near  Anna— T.  M.  Pebrine.     (R.  1872) 271 

Indiana,  Franklin  county— B.  R.  Quick.     (R.  1879) 845 

Indiana,  Rush  county-*-F.  Jackman.     (R.  1879) 845 

Iowa,  Delaware  county— M».  W.  Moulton.     (R.  1877) 828 

Iowa,  Des  Moines  valley,  notes  on— S.  B.  Evans.     (R.  1879) 345 

Iowa,  Muscatine  county— T.  Thompson.     (R.  1879) - 345 

Kentucky— R.  Peter.     (R.  1872) 271 

Kentucky,  exploration  of— S.  S.  Lton.    (R.  1870) 244 

Kentucky,  Union  county,  exploration  of— S.  S.  Lyon.     (R.  1870) 244 

Louisiana— S.  H.  Lockett.     (R.  1872) - 271 

Louisiana,  Moorehouse  parish — B.  U.  Brodnax.     (R.  1879) 845 

Minnesota,  Hennepin  county,  on  Gideon's  farm — F.  H.  Nutter.  (R.  1879)  845 

Mississippi— S.  A.  Agnew.     (R.  1867) .'. 215 

Mississippi,  Washington  county — J.  Houqh.     (R.  1879) 845 

New  Brunswick  and  New  England,  notes  on — S.  F.  Baird.     (P.  1881.)  467 

Ohio,  Trumbull  county— F.  Miller.     (R.  1877) - 828 

Pennsylvania,  (western)- W.  M.  Taylor.     (R.  1877) 828 

Tennessee — J.  Jones 259 

Wisconsin,  Grant  county— M.  Strong.     (R.  1879) 299 

Wisconsin.  Winnebago  count/— T.  Abmbtboho.     (R.  1879) 846 
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Mountain.  Bluck,  North  Carolina,  topography  of— T.  L.  CLiyoMAN.    (R.  18Ul)  17 

Mountain  measurements — A.  GuYOT.     (R.  1862) Itf 

Mountains,  olectrio  resonance  of— H.  Db  Sauhsurb.     (R.  1^8J .' tSI 

Mountains  in  Colorado,  heic;hts  of— 6.  Enqelmank.     (R.  1802)  .- 199 

Mountaini>,  lakes,  and  thi>  snow-line,  Norwegian — O.  E.  Dreutzer.     i  R.  1S')6.i  211 

Mi>vi'nii*nt  of  the  stars  around  a  central  point — J.  H.  Maedlbr.     (R.  18^)..  110 

Much,  M.     Ancient  history  of  North  America.     (R.  1871J 211 

MuDOE,  B.  F.     Account  of  lightning  discharges.     (R.  1867) '.MS 

Muller,  Barun  von.     Observations  on  terrestrial  magnetism  in  Mexico III 

MuLLER,  F.     Smithsonian  exchanges.     (R.  18G0) 147 

MiJLLKR,  J.— 

Principles  of  the  mechanical  theory  of  heat.     (R.  1868; iJl 

Re|H>rt  on  recent  progress  in  physics — electricity.     (R.  185C ;  R.  1657.    91.  SOT 

Report  on  recent  progress  in  physics — galvani»m.     (R.  IBoo;  K.  l^i'>7;  K. 

1808) _. _". 77.  10".  I» 

Ri'port  on  transactions  of  Geneva  Society  of  Physics  and  Nttturu^  Hi^ 

tory,  June,  1875,  to  Juy,  187G.     (K.  1877) _ _.   .-.     fiC 

Mummy  and  skulls  from  Patagonia — *A.  Reid.     ^R.  1862) 130 

Mummy  case,  Gliddon— C.  Pickering 

MuRFHEY,  H.  C,  and  others.    On  publication  of  Spanish  works  on  New  Mesjx:o. 

(R.  18o.5j _ 7 

Musci  of  Kerguelen  Island — T.  P.  James 

Muscuni — 

at  Lau>anne.  ethiio'ogica!  oolleoiions  jf— F.  Troyon.      •  R,  1S*;1 149 

Bluckmore,  Salisbury.  England,  nt'iico  of.     (R.  18GS) _    iSI 

British.  ?ta:isiios  <•:'—<.  F.  Baird.     iR.  lSi><), 28 

d'llistt'ire  Naturcllf.  Paris,  notes  on  ty[iical  Arneri<*ari  d-li..-*  if — D  S 

JoRiiAN.     I  P.  1879; _ xa 

Hun:xarian  Nati'.-nal.     Ai'knowledijment  f«^r  bird*,     i  R.  18*.;^    . IK 

mi?.>l!anoa — S.  F.  Baird 16t 

oi"  o:lin.>l..i:y.  Loip-^io— A.  S.:noTT :  O.  T.  Ma^o.v.     (R.  I'^To; 275 

of  NaiiiMial  I'liivorsiiy  of  Greece.     Exobange  of  specimen-       ,11.  I>yi7.f  21ft 

■..f  N.rwav.  Ktlinul.-ical— L.  K    Daa.     TR.  1802) 150 

■  •f  Ti'Ti.-r.:-^  I'riiver^itv.  I'bjvctj?  *ii.     iR.  18051 SOI 

«>!i  :'■  rir.:»ti.«ii  iif  ;i — L.  .\i;a>>iz.       K    1841*     1 --  21 

Sii;i:!.s'iii:i!i — S'-»-  ^I1;^tuI^,  U.  S.  Nati^'i:^!. 

Mu*ouiii.  r.  S.  Natii-r.al  — 

av'!."  :iT.«l  ro>'.'luiioi!>  <•:'  l'«'ni:ro>^  n-laiivf  :i» — See  Conjrress. 

avliii:!  'C-i  t'.*.  lis:  i.»f— .S'^f  each  annual  ri"j«»rt. 

birvU  vi'  MivM'.c  ai;d  Sou  lb  Auu-rica  ii««:  in — R.  RidgwaT.     (P.  1881)  —    W 

Bui;i';in>  «.'f — ^V?  bu.io'.iiis. 

catalogue  and  ir.viex  of  ibe  Proceedings  and  Bulletins  of .« _ 
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Museum,  U.  S.  National — Continued. 

catalogue  of  collection  of  Japanese  woods  presented  to — L.  F.  Ward. 

(P.  1881) - 467 

catalogue  of  Old  World  birds  in— R.  Ridoway.     (P.  1881)— 467,  462 

circular  asking  contributions  to  library  of.     (P.  1881) 467,  458 

circulars  of— See  Circulars. 

classification  of  collections  of— G.  B.  Ooode.     (P.  1881) 467,  457 

classiflcalion  of  collections  of,  to  illustrate  taxidermy — W.  T.  Hornadat. 

(P.  1881) - - 467,456 

collections  furnished  to,  by  explorations,  1888  to  1877 — S.  F.   Baird. 

(R.  1877) - - ___ - 82» 

contributions  to,  and  their  acknowledgment.     (P.  1881) 467,  473 

directory  of  oflScers,  collaborators,  and  employ^  of 466 

distribution  by,  of  marine  invertebrates — R.  Rathbun.     (P.  1881.) 

467,  465,  471 

establishment  and  ofBcersof  Smitbsanian  Institution  and.     (P.  1881.)  467,  449 

letters  on  work  of— B.  Phillips.     (P.  1881) 467,  454 

list  of  publications  of.     (P.  1881) 467  478,474 

memorial  of   Regents  of  Smithsonian   Institution   to  Congress  asking 

appropriations  for.     (R.  1867) 216,  329 

memorial  to  Congress  in  Ix'half  of  Regents  of  Smithsonian  Institution 

for  new  building  for— G.  Bancroft.     (R.  1876) 299,  829 

organization  and  objects  of— G.  B.  Goode.     (P.  1881) 467,  459 

outline  of  scheme  of  classification  for  collections  in — G.  B.  Goodk.     (P. 

1881) - '. 467,  457 

plan  of  organization  and  regulations  of— G.  B.  Goode.     (P.  1881)..  467,  445 

plans  for  installation  of  collections  in— G.  B.  Goode.     (P.  1881)  ...  467,  472 

proceedings  in  Congress  relative  to 328 

Proceedings  of.     Vols,  i-iv,  1878-1881 _ 332,  333,  425,  467 

report  of  Committee  of  Regents  on — A.  Gray;  H.  Copp&e.     (R.  1874.)    286 

report  of  Committee  of  Regents  on — A.  Gray;    A.  A.  Saroknt;   H. 

Clymkr.     (R.  1876) 299 

report  on,  and  statistics  of  British  Museum — S.  F.  Baird.     (R.  1850)  ..      28 

reporu  of  Building  Commission  of,  for  1879,  1880.     (R.  1879;  R.  1880.) 

845,  442,  409,  434 

reporu  on,  1868-1867,  1878-1877— S.  F.  Baird.     (R.  1858-1867,  1878- 

1877) 67,  75,  77,  91,  107,  109,  110.  147,  149,  150,  187, 

188,  209,  214,  215,  275,  286,  298,  299,  828 

Hyadestes  obscurus,  description  of  two  new  races  of — L.  Stejneoer.   (P.  1881.)  467 

Mj'ctophum  crenulare,  description  of— T.  H.  Bean.     (P.  1881) 467 

If  yctophum  crenulare  from  Santa  Barbara  channel,  California,  description  of — 

D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880)  ._ 425 

Ifyological  specimens,  rapid  preparation  of — F.  Plateau.     (P.  1881) . .  467 
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Hyriapods,  list  of  North  American  species  of,  belonging  to  familj  of 

talidai'-^.  A.  Rtdeb.     (P.  1880) 

Myriapods,  pbalangidiBi  etc.,  instructions  for  collecting — H.  C  Wood.    (E^ 
1866) 

Myriolepis  zonifer,  a  new  cbiroid  flsb  from  Monterey  Bay,  Calfomia, 
tion  of— W.  N.  LocKiNGTON.     (P.  1880).: 

Mythology  of  North  American  Indians— J.  W.  Powbll.     (E.  1879-W)^. 

Myths,  Indian.     (B.  187»-80) 


IT. 

Naill,  D.  W.     Dispersion  of  a  cloud  by  electrical  discharge.     (B.  1858)  .—^   1 

Naples,  Italy,  Royal  Institute  for  Encouragement  of  Natural,  Economical,  and 
Technological  Sciences.     Prize  questions.     (B.  1878) ..i.._   ! 

Narrative  of  the  Hassler  expedition — L.  Aoassiz.     (R.  1872) 271, 

National  Academy  of  Sciences,  bequest  to— A.  D.  Bache.     (B.  1872) 271,  fli 

National  library,  on  a— W.  S.  Jevons.     (B.  1878) M 

National  Museum — See  Museum,  U.  S.  National. 

Natural  history — 

applied  to  farming  and  gardening,  lecture  on — J.  G.  Morris.     (R.  1865. t     IT 

bibliography  of  American — C.  Oirard M 

direotions  for  collecting,  preserving,  and  transporting  8(>eciroens  of— 
8.  F.  Baird.     (R.  1856) _  91,11 

explorations  in,  in  the  United  States,  1851 — S.  F.  Bairb.     (R.  1851) tt 

of  Arctic  America — L.  Eumlien Mi 

of  BoHver  Island.  Michigan — J.  J.  Strang.     (B.  1854) %  ' 

of  country  about  Fort  Bipley,  Minnesota — J.  E.  Head.     (R.  1854)  ..^     %  ] 

of  Fanning  Islands — T.  H.  Streets ^ 

of  fresh-water  fishes  of  North  America — C.  Oirard - 

of  Hawaiian  Islands,  etc. — T.  H.  Strkbt^i —— — 

of  Kerguelen  Island — »T.  H.  K I ddkr  and  others _  Mft  i| 

of  lower  California— T.  H.  Streets -    fli    = 

of  orjjanized  Nxlies— E.  J.  Maret.     (R.  1867) — SS  j 

of  Pacific  I*:ands— W.  H.  Pease.     (R.  1862) Vk   ; 

suggestions   relmtive  to  investigations   in,  in   Russian    Amwica    ft.  V. 

Bairp .-— — ———^    WL    ' 

Natural  Historv  Soviet v — 5see  Geneva.  ^ 


Natural  method,  the  Ju<sicu$  and  the — M.  FLOURm.     (B.  1887). 
Natumlists,  p^neric  Dames  of  animab  employed  by — 3.  H.  SouMN 


• 


OF   SMITHSONIAN   PUBLICATIONS.  257 

Nttturo— 

und  art,  on  tables  of  tbo  constanU  of — C.  Baddage.     (R.  1856) 91 

and  mechanism  of  lever.     Toner  lecture  No.  iv — H.  C.  Wood 282 

and  origin  of  force— W.  B.  Taylor.     (U.  1870) 244,  876 

of  reparati)ry  inflammation  in  arteries  after  ligature.     Toner  lecture  No. 

VII — E.  O.  SllAKESPKARK 321 

Nature — Sre,  Constants  of  Nature. 

Vavajo  Indians,  language  of,  said  t(»  re.«emble  Welsh — S.  T.  McMastebs.     {H. 

ISO'i) - - 209 

Navajo  Indians,  sketch  of  the — J.  Lettkrman.     (R.  1855) 77 

Naval  officers,  authority  to,  to  receive  and  transmit  specimens  to  Smithsonian —      84 

Navigation  of  Ohio  and  other  rivers,  improvement  of — C.  Ellet 13 

Navy  Department,  authority  given  by,  to  naval  officers  to  receive  and  transmit 

specimens  to  the  Smithsonian  Institution 84 

Nemh   Bay,  Washington  Territory,  di>scription  of  two  new  species  of  fishes 

from— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 426 

Nebraska — 

ancient  fauna  of — J.  Leidt 58 

paleontology  of— F.  B!  Meek;  F.  V.  IIayden 172 

report  on  fossils  from — J.  Leidt.     (R.  1851) 51 

Nebule,  index-catalogue  of  books  relative  to — E.  S.  Holden . ^  311 

NobuliB,  researches  relative  to  the— Prof.  Gautier.     (R.  1868) 187 

Nebular  hypothesis,  bibliography  of  the — E.  S.  Holden 811 

Nematodaof  northeast  coast  of  North  America— A.  E.  Vbrrill.    (P.  1879)..  888 

Nemertina  of  northeast  coast  of  America — A.  £.  Verrill.     (P.  1879) 888 

Nemichthys  avocetta,  new  species  of  Nemichthys,  description  of — D.  S.  Jor- 
dan ;  C.  H.  Gilbert.     (P.  1880) - 425 

Neptune — 

ephemerides  of,  1848,  1846-49, 1850, 1851, 1862— S.  C.  Walker.  4,  5,  6, 7,  24 

history  of  discovery  of — B.  A.  Gould 18 

investigation  of  orbit  of,  with  tables  of  iU  motion— S.  Nbwcomb 199 

researches  relative  to — S.  C.  Walker 3 

secular  variations  of  elements  of  orbit  of — J.  N.  Stockwbll 232 

Nereit-Boreali-Americana — W.  H.  Harvet  : 

Part     I.  MelanospermecB 32 

Part   II.  Rhodoapermea 43 

Part  in.  ChlorospermecB 95 

Parts  I,  II,  III,  complete 96 

NeritidiB,  fresh-water— W.  G.  Binnet 144 

Nerve,  polarized,  effect  of  irriution  of— B.  F.  Lautbnbach.     (B.  1878)..  841,  411 
Nervous  system  of  Rana  pipiens^  anatomy  of — J.  Wymak 45 

■ 

mod  eggs  of  American  birds,  instructioDS  for  collecting — S.  F.  Baird. 

(B.  1868)- 109,139 
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Nests — Continued. 

and  eg^  of  the  eight  North  American  species  of  empidonaoca    T.  M. 

Brewer.     (P.  1879) m 

instructions  for  collecting  and  preserving — T.  M.  Brswkb 1S9 

of  west  coast  birds— J.  G.  Cooper.     (P.  1879) 88S 

Netherlands,  the,  Koyal  Academy  of.     Prize  questions.     (R.  1861) \4S 

Neuchatel,  lake  of,  palafittes  or  lacustrian  constructions  of — E.  Dbsob.     (R. 

1865) 209,360 

Neuroptera — 

instructions  for  collecting — P.  R.  XJhler.     (R.  1868) 109 

North  American,  synopsis  of— H.  Haoen.     (R.  1861) « .- 149, 13i 

of  Arctic  America — S.  H.  Scuddbr w ^ W2 

of  North  America,  synopsis  of — H.  Haoen 134 

of  North  America,  synopsis  of — P.  R.  Uhler 134 

pseudo-,  of  Kerguelen  Island — H.  A.  Hagbn 2H 

Nevada,  western,  Centennial  mission  to  Indians  of — S.  Power^.     (R.  1876)...^  299 

New — 

classification  of  clouds— A.  Foey.     (R.  1870) 244 

species  and  localities  of  microscopical  organisms,  notes  on — J.  W.  Bailrt.  63 

species  of  North  American  coleoptera.    Parts  i,  ii — J.  L.  Lb  Cokte.  167,  264 

system  of  weights  and  measures,  with  8  as  metrical  number — Q.  H. 

Knight.     (K.  18G7) 215 

tables  for  determining  values  of  coefficients  in  perturbative  function  of 

planetary  motion — J.  D.  Runkle 79 

New  Brunswick — 

Bay  of  Fundy,  marine  invertebrata  of  region  about  mouth  of — W.  Stimp- 

80N 50 

shell  heaps  in— J.  Fuwler.     (R.  1870)_ 244 

shell  mounds  of— S.  F.  Baiud.     (P.  1881) 4(>7 

NewEnglund — 

Crustacea  dredged  off  south  coast  of— S.  I.  Smith.     (P.  1880) 413 

fishes  from  south  coast  of,  descriptions  of  new  genera  and  species  of— G. 

B.  GooDE.     (P.  1880)  -. 42o 

frigate  mackerel  (Auxia  Rochei)  on  coast  of — G.  B.  Goode.     (P.  1880) __  425 

geology  of — E.  IIiTcncocK 90 

marine  invertebrata  from,  distributed  by  U.  S.  Fish  Commission — A.  E. 

Verkill;   U.  Ratubun.     (P.  1879) 333 

marine  invertebrates  from,  dii<tributed  by  U.  S.  National  Museum  —  R. 

Ratubun.     (P.  1881) 4G7,  465, '471 

molUisca  added  to  fauna  of — A.  E.  Verrill.     (P.  1880) 4*J5 

shell  mounds  on  coa^t  of— S.  F.  Haird.     (P.  1881) 467 

New  Harmony,  Indiana,  account  of  tornado  near,  April  80,  1862 — J.  Chappel- 

SMITII 59 

New  Haven  Journal.     Account  of  lightning  discharges.     (R.  1867)..- 215 
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New  Jer8»»y — 

artificial  flbell  deposits  in— G.  Kau.     (R.  1864) 188,  440,  362 

fiflbes  on  the  coai*t  of  Long  Island  and — 9.  P.  Baird.     (R.  1864) 75,  3M 

stone  age  in— 0.  0.  Abbott.     (R.  1876) 298,  394 

N«w  Jersey  Historical  Society,  address  of  Prof.  Henry  before  tbe B 

New  Madrid,  Missouri,  earthquake  at— T.  Dudley.     (R.  1868) 109 

New  Mexico- 
account  of  Lindbeimor's,  Fondlcr's,  and  Wright's  botanical  explorations 

in— A.  Gray.     (R.  1849) 21 

antiquities  in— W.  B.  Lyon.     (R.  1871) — 249 

cotnmunications  relative  to  publication  of  Spanish  works  on — E.  Robin- 
aon;  U.  E.  LuDEwiQ ;  E.  O.  SquiKR;  H.  C.  Murpiiky;  W.  B. 
H0DO8ON;  W.  Irvino;  W.  II.  Prkucott;  J.  Sparks;  G.  Ban- 
croft; P.  L.  UAWKtt.     (R.  1865) 77 

description  of  new  cretaceous  Pinna  from — C.  A.  Wiiitb.     (P   1880).—  4'J5 

diary  of  excursion  in — J.  H.  Carlkton.     (R.  1854) ^ 75 

eastern,  coleoptera  of  KMn^^as  and — J    L.  Lb  Contk #..  126 

notes  on  the  history  and  climate  of— T.  A.  McParlin.     (R.  1877)..  323,  396 

plants  of,  collected  by  C.  Wright.     PurU  I,  11— A.  Gray  ._ 22,  42 

report  of  explorations  in  Arizona  and — J.  STKVKXriON.     (R.  1880) 442 

New  York- 
aboriginal  monuments  of — E.  G.  Squirr 15 

Clinton,  Hamilton  Collego.     Exchange  of  specimens.     (R.  18U1) 149 

fish<*s  of— T.  Gill.     (R.  1856) 91 

Fishkill,  deposit  of  arrow-bcuds  near — E.  M.  Siikpard.     (R.  1877) 823 

New  Y<»rk,  explosion  of  niire  in,  .Inly,  1845^ U.  Uark 1.  17 

Orleans  county,  antiquities  of— F.  H.  Ousuino.     (U.  1874) 286 

Schoharie,  Indian  relics  from— F.  D.  Andrews.     (R.  1879) 345 

Tompkins  county,  ancient  fort  and  burial  ground  in — D.  Trowbhidoe. 

(R.  1868) - -'  187 

University  of  State  of.  Regents  of.     Acknowledgment  of  specimens.     (R. 

1865) - - 209 

Nkwbbrry,  J.  S.     Description  of  fossil  plants  from  Chinese  coal-bearing  ro^'ks.  202 

Newcastle,  Pennsylvania,  account  of  old  Indian  village  neur — E.  M.  McCon- 

NELL.     (R.  1871) - - 249 

NXWCOMB,  S. — 

General  integrals  of  planetary  motion 281 

Investigation  of  orbit  of  Neptune,  with  tables  of  its  motion 199 

Investigation  of  orbit  of  Uranus,  wiib  tables  of  its  motion 262 

Memorial  address  on  Joseph  Uenry 356 

NxwcoMB,  S.,  and  others.     Scientific  instructions  to  Capt.  Hall.     (R.  1871) 249 

Newfoundland,  new  species  of  fishes  from  Grand   Banks  of — G.   B.  GooDB. 

(P.  1880) - 426 

HswTOK,  A«    Suggestions  for  forming  collections  of  birds'  eggs......^ «  189 
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Nkwton,  a.    Suggestions  for  saving  parts  of  skeletons  of  birds.     (B.  1809)  —    M 

Nkwton,  H.  a.     Metric  system  of  weights  and  measoret,  with  tobies.    (R.  , 

1865) - -• 201,911  I 

Nicaragua — 

antiquities  of— E.  G.  Squier.     (R.  1850) M 

archaeological  researches  in^-J.  F.  Bransford ...• . .»..»  Mi 
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eruption  of  volcano  in — A.  B.  Dickinson.     (R.  1867) 

Nichols,  Lieut.  H.  £. — 

list  of  fishes  collected  by,  in  Gulf  of  California  and  on  west  coast  of  lo 
California— D.  S.  Jordan;  C.  H.  Gilbert.   (P.  1881) 

notes  on  fishes  collected  by,  in  British  Columbia  and  southern  Alaska— 
T.  H.  Bean.     (P.  1881) 

notes  on  fishes  collected  by,  on  west  coast  of  Mexico — D.  8.  Jordan;  C. 
H.  Gilbert.     (P.  1881) _ 

NiCKLts,  F.  J.     Scientific  Congress  of  Carlsruhe.  1858.     (R.  1880)  ._ W 

Nile,  explorations  of  the— C.  Hale.     (R.  1866) _ ^  W 

Nitre,  memoir  on  explosiveness  of — R.  Hare If 

Nitrification— B.  F.  Craig.     (R.  1861) _ _  Ml  i 

Nitrogen  bodies  of  modern  chemistry — Prof.  Kletzinskt.     (R.  1872) 111 

Nomenclator  zoologicus.     Alphabetical  list  of  generic  names  employed  by  iiat> 
uralists.     Part  I — 8.  H.  Scudder 

Nomenclature  of — 

certain  North  American  birds,  revisions  of — R.  Ridowat.     (P.  1880;  — 

clouds 

North  American  birds — R.  Ridowat 

NoRRis,  P.  W.     Prehistoric  remains  in  Montana.     (R.  1879) 

North  America — 

abbreviations  of  names  of  States  and  Territories  of 

algsB  of,  fresh-water,  history  of— H.  C.  Wood,  Jr . 

algseof,  marine — Ste  W.  H.  Harvey. 

ancit-nt  aboriginal  trade  in— C.  Rau.     (R.  1872) 271,440,M: 

ancient  history  of— M.  Much.     (R.  1871) 

alias  of,  physical,  proposed — G.  Gidbs.     (R.  1866) 

batrachia  and  reptiles  of,  check-list  of — E.  D.  Cope . 

bats  of,  monograph  of — H.  Allen .. 

birds  added  by  L.  Belding  to  fauna  of— R.  Ridoway.     (P.  1881)  —, 

birds  of,  catalogue  of — S   F.  Baird ,  ^  ^ , „ 

birds  of,  in»tructions  for  collecting  nests  and  eggs  of .. 

birds  of,  nomenclature  and  catalogue  of— R.  Ridowat —  — ... 

birds  of,  review  of.     Part  I — S.  F.  Baird 

botany  of,  bibliographical  index  to— S.  Watson ^      ,,  1 

coleoptera  of,  classification  of.     Parts  i,  ii — J.  L.  Lb  Ckunm  JM^I 

coleoptera  of,  list  of— J.  L.  Le  Contb ,^,    1 
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North  America — Continued. 

oolooptera  of,  now  species  of.     Parts  i,  ii — J.  L.  Le  Gontk 167,  264 

combined'  meteorological  system  for,  report  of  Committee  of  American 

Association  for  Advancement  of  Siuence  on.*    (R.  1851)  ... >.       51 

conchology  of,  bibliography  of.     Parts  i,  ii — W.  G.  Binnkt 142,  174 

contributions  to  natural  history  of  fresh-water  fishes  of.     Part  i.  Mono- 
graph of  cottoids— C  GiRARD 30 

diptera  of,  catalogue  of— C.  R.  Osten  Sackbn 102,  270 

di()tera  of,  monographs  of^H.  Loew  ;  R.  Ostrs  Sacken.  141, 171,  219,  256 

duck  new  to  fauna  of— R.  Ridoway.     (P.  1881) _ 467 

explorations  on  western  coast  of — W.  H.  Dall.     (R.  1878) 276 

extinct  sloth  tribe  of^ J.  Leidy. 72 

fishes  of  east  coast  of,  catalogue  of — T.  Gill 283 

fishes  of  Pacific  coast  of,  duplicates  of,  distributed  in  1881 — D.  S.  Jor- 
dan ;  P.  L.  JoUY.     (P.  1881) 467 

forests  and  trees  of,  distribution  of— J.  G.  Cooper.     (U.  1858) 109,  351 

grasshoppers  of,  circular  relative  to  history  of. 163 

Indians  of,  u^^es  of  brain  and  marrow  of  animals  among— T.  R.  Pealb. 

(R.  1870) -- ^ 244 

lakes  of,  fluctuations  of  level  of— C.  Whittlesey 119 

lepidoptera  of,  catalogue  of^J.  G.  Morris .  118 

lepidoptera  of,  synopsis  of — J.  G.  Morris 133 

libraries,  public,  in,  list  of — W.  J.  Rhees 116 

mammals  of,  catalogue  of — S.  F.  Baird... 105 

map  of,  ethnological,  suggestions  relative  to^L.  H.  Morgan.    (R  1861.)     149 

meteorological  stations  and  observers  in.     (R.  1868) 224,  373 

mollusks  of  western — P.  P.  Carpenter _..  252 

myriapods  of,  belonging  to  family  Lysiopetalidce — J.  A.  Ryder.     (P. 

1880) 426 

neuroptera  of,  synopsis  of — H.  Haoen 134 

orthoptera  of,  catalogue  of— S.  H  Scudder 189 

rain  and  snow  fall  of,  tables  of— C.  A.  Schott 222,  353 

reptiles  of,  catalogue  of— S.  P.  Baird;  C.  Girard 49 

shells  of,  catalogue  of— I.  Lea  ;  P.  P.  Carpenter  ;  W.  Stimpson  ;  W. 

G.  Binney;  T.  Prime -.. — 128 

shells  of,  circular  in  reference  to  collecting 176 

shells  of,  land  and  fresh-water.     Parts  i-iv — W.  G.  Binney  ;  T.  Bland. 

143,  144,  194,  253 

siluridn  of,  synopsis  of— D.  S.  Jordan . 806 

■tone  ImplemenU  of— C.  Rau.     (R.  1872) — 271,  382 

forth  American — 

ATchnotogy — J.  Lubbock.     (R.  1862) 150 

birds,  caUlogue  of— 8.  P.  Baird 108 
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birds,  catalogue  of— R.  Ridqway.     (P.  1880) 415^  «l 

birds,  desiderata  among— U.  RiDOWAT.     (P.  1881) 117 

Continent,  physical  geography  of — J.  Froebbl.     (R.  1854) 7f 

fishes,  duplicates  of,  distributed  by  Smithsonian  Institution — T.  H.  Bbav. 
(P.  1880) 

Indians,  catalogue  of  portraits  of — J.  M.  Stanlet 

Indians,  list  of  photographic  portraits  of 

stone  implements— C.  Rau.     (R.  1872) 271.  ttt 

stone  period,  agricultural  implements  of — C.  Rau.     (R.  1808) 187,  ttt 

tortoises,  land,  of  genus  Xerobntea — F.  W.  True.     (P.  1881) *5T 

North  American  Ichthyology,  contributions  to — 

Part     I.  Review  Rafincsque's  memoirs — D.  S.  Jordan 

Part  II.  A.  Nt)te8  on  CotiidoB^  (<*tc.)  B.  SynopMs  •ViVuriWce — D.  S. 
Jordan' 

Part  HI.  A,  Distribution  of  fishes  of  Alleghany  region,  (etc.)— D.  S. 
Jordan;  A.  W.  Br-vyton.  B.  Synopals  of  f»mi!j 
CkitoHlomidtE — D.  S.  Jordan 

North  American  Oology.     Part  i.  Raptores  and  fissirostres — T.  M.  Brewer..    0 

North  Carolina — 

ancient  mica  mines  in— C.  D.  Smith.     (R.  1876) 291 

Beaufort,  de^^cription  of  new  species  of  fl^h  {Caranx  Beani)  from — D.  S. 
Jordan.     (P.  1880) _ _.. _._ 4S 

Beaufort,  notes  on  fi&hes  of — D.  S.  Jordan  ;  C.  II   (xILHKiit,        P.  i>TS.      Stt 

Hlack  M(»untain,  topography  of — T.  L.  Clin<jman.     (R    IS-j.'i  .   .__ 77 

earthquakes  in,  in  1874— W.  Dv  Prk  ;  J.  Henry.     (K.  1874-  .    » 

Lenoir  county,  iuiiiquili«*s  in — J    M.  SrAiNiioiK.     '\\.  ISTIi    219 

Montgomery  county,  antiquities  of — F.  J.  Kuon.     i\\.  l!S74;i 

occurrence  of  P/(yfi>»  ;r//i«s  in — T.  U.  Hkan.     (P.  HSO) 

Stuiiiey  county,  antiquities  of — F.  J.  Kuon.     (R.  1^74) 

North  German   Llovd,  free  freii^ht  hetwoLMj  Gornianv  ami   I7iiiteil  Stat*--  i-v— 

K.  SCIILKIDKN.       (U.    18oSj 

North  Pacific  Surveying  Irixpcdiiiun,  contrihution>  to  natural  lii>t«»ry  niudo  ia 
connection  with — T.  H.  Stukets 

North  Pole,  expedition  toward  tlie,  scientific  instructions  to — 1.  Hknry;  J.  B. 
Ilii.oAHD;  S.  Nkwcomij;  »S.  F.  Baihd;  F.  |{.  Mkek:  L.  Aoassu. 
(K.  1871) __ 

North  Pole,  map  of  stars  near  the,  tor  ob^^ervations  on  the  aurora . 

Northern  ll<niispher(i,  winds  of  the — J.  II   Coffin. . 

Northern  latitude.^,  record  of  auroral  jdienornena  observed  in  —  P.  FoBCX —  •• 

Northern  seas,  the— J.  Habinet.     (K.  18»;0).__ SI 

Northumberland.  Duke  of,  account  of  the .^ .  M 

Northumberland,  Duke  of,  presentation  of  books  by.     (R.  1869) --. 111 
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Northwest  coast  of  America,   kjdkkon-mdddings  on   the — P.   Sghumaohkr. 

(R.  1878) - 276. 

Norton,  E.    On  wasps 264 

Norway,  Ethnological  Museum  of— L.  K.  Daa.     (U.  1862) 160 

Norway,  University  of  Gbristiania,  ethnological  specimens  from.     (R.  18G8)..  187' 

Norwegian  mountains,  lakes,  and  the  snow-line — O.  E.  Dreutzkr.     (R.  1866.)  214 

Notacanthus  phasganorus  from  Newfoundland — G.  B.  Goodk.     (P.  1880) 426 

Note  on  occurrence  of  Phyeis  regius  in  South  Carolina — T.  U.  Bban.     (P.  1880.)  426 

Note  on  the  latiloid  genera— T.  Gill.     (P.  1881) 467 

Notes — 

of  egging  expedition  to  Shoal  Lake,  Lake  Winnipeg — D.  Gunn.     (R. 

1867) 216 

on  aboriginal  shell  mounds  of  New  Brunswick  and  Now  England — S.  F. 

Haird.     (P.  1881) - 467 

on  American  migration — F.  von  Hellwald.     (R.  1866) 214 

on  fishes — See  D.  S.  Jordan;  C.  U.  Gilbert;  aUo^  Proceedings  National 
Museum. 

on  fishes  of  Pacific  coast  of  United  States— D.  S.  Jordan;  C.  H.  Gil- 
bert.    (P.  1881) 467 

on  history  and  climate  of  Now  Mexico— T.  A.  McParlin.  (R.  1877.)  823, 396 

on  horary  variations  of  barometer — M.  Vaillant;  J.  Henry.  (R.  1866.)  214 

on  Indian  history— F.  V.  Haydkn.     (R.  1867) _ 216 

on  life  and  character  of  Joseph  Henry — J.  C.  Welling 866,  338 

on  mortality  among  fishes  of  Gulf  of  Mexico — S.  H.  John.son.    (P.  1881.)  467 

on  new  spoi'ies  and  localities  of  microscopical  organisms — J   W.  Hailky.  63 

on  physical  geography  of  North  America — J.  G.  Cooper.     (R.  18>8.)  lOt),  351 

on  S!ri/monu/a;  of  upper  Columbia — C.  Bendire.     (P.  1881)- 467 

on  some  Costa  Rican  birds — It.  Ridgway.     (P.  1881) 467 

on  Tinneh  or  Chc|>ewyan  Indians  of  British  and  Russian  America — G. 

GiBBs  and  others.     (R.  1866) 214,365 

on  Tonto  Apaches— C.  Smart.     (R.  1867) - 216 

relative  to  George  Catlin— J.  Hknry.     (R.  1872) —  271 

to  accounts  of  lightning  discharges,  by  G.  W.  Dodge  and  othen* — J. 

Henry.     (R.  1807)1 - 216 

to  article  on  vitality,  by  H.  H.  Higijins— J.  Henry.     (R    1866). 214 

to  article:*  on  meteorology,  by  G.  Latimer  and  others — J.  Henry.     (R. 

1871) 1 - 249 

to  lectures  on  meteorology,  by  R.  Russcll^J.  Henry.     (R.  1854) 76 

Notice,  biographical,  of — 

Agassiz,  L.,  by  J.  A.  Garfield.     (R.  1878) _ 276 

AgassiE,  L.,  by  P.  Pakkek.     (R.  1873). ._ 276 

Blackmore  Museum,  Salisbury,  England.     (R.  1868) 224 

Chase,  8.  P.,  by  J.  A.  Garfield.     (R.  187^) - 276 
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Notice,  biograpbica1|  of — Continued.        • 

Chase,  S.  P.,  by  H.  Hamlin.     (R.  1878) 276 

Cleavelund,  Parker,  by  J.  Hknry.     (R.  1869) 110 

Espy,  James  P.,  by  A.  D.  Bache.     (R.  1869) 110 

Harvey,  W.  H.,  by  A.  Gray.     (R.  1867) 215 

Irving,  Washington,  by  C.  C.  Felton.     (R.  1869) 110 

Jewott,  C.  C,  by  R.  A.  Guild.     (R.  1867) 216 

Rush,  Richard,  by  J.  A.  Pearck.     (K.  1859) 110 

Schoenbcin,  Christian  Frederic,  the  discoverer  of  ozone.     (R.  1868) 224 

Smithson,  James,  by  D.  Gilbert,  President  of  the  Royal  Society.     (R. 

1863) — 67,3i!0 

Smithson,  James,  by  W.  R.  Johnson;  J.  R.  McD.  Irby 3*J7 

Smithson,  James,  by  W.  J.  Riiees.     (R.  1879) 349,  330 

Tumor,  W.  W.,  by  C.  C.  Felton.     (U.  1859). 110 

Wiirdemann,  G  ,  by  A.  D.  Bachb.     (R.  1859) _ 110 

Notice  of  recent  additions  to  marine  invertebrates  of  north'^astcoast  of  America — 

A.  E.  Verrill.     (P.  1880) 426 

Notices  of  public  libraries  in  the  United  States— C.  C.  JkVETT 25 

Nova  Scotia — 

birds  of— Blackiston ;  T.  Bland;  J.  R.  Willis.     (R.  1858) lOa 

fishes  obtained  at — See  G.  B.  Goode;  T.  H.  Bean. 

kjokken-moddings  in— J.  M.  Jones.     (R.  1868)  — 187 

Numeration,  report  on  improved  system  of — W.  B.  Taylor.     (R.  1867) 216 

Nuovi  Lincei,  Pontifical  Academy  of  the.     Prize  questions.     (R.  1866;    R. 

1867) - - — 209,216 

Nutation,  phenomena  of — J.  G.  Barnard 810 

Nutter,  F.  H.     Mounds  on  Gideon's  farm,  near  Excelsior,  Hennepin  county, 

Minnesota.     (R.  1879) _ _ 846 
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o. 

Ober,  F.  A.— 

birds  of  Antigua  and  Barbuda  collected  by,  catalogue  of — O.  N.  Law- 
rence.    (P.  1878) 882 

birds  of  Dominica  collected  by,  catalogue  of— G.  N.  Lawrence.  (P.  1878.)    882 

birds  of  Qrenada  collected  by,  catalogue  of—G.  N.  Lawrence.  (P.  1878.)    882 

birds  of  Guadeloupe  collected  by,  catalogue  of—G.  N.  Lawrence.     (P. 

1878) - - 882 

birds  of  Lesser  Antilles  collected  by,  catalogue  of^G.  N.  Lawrence. 

(P.  1878/ ^ 882 

birds  of  Martinique  collected  by,  catalogue  of — G.  N.  Lawrence.     (P. 

1878) ^ _ 382 

birds  ^f  St.  Vincent  collected  by,  catalogue  of—G.  N.  Lawrence.     (P. 

1878) - J— 882 

Ober,  F.  A.     Ornithology  of  the  Caribbee  Islands.     (R.  1878) 841 

Obsequies  of  Joseph  Henry 866 

Observations — 

astronomical — W.  Harkness 289 

astronomical,  discussion  of  Piazzi's — B.  A.  Gould.     (R.  1868) 187 

astronomical,  in  Arctic  Seas — E.  K.  Kane . 129 

in  Hudson's  Bay  Territory— B.  R.  Ross.     (R.  1859) 110 

magnetic,  in  the  Arctic  Seas— E.  K.  Kane 97 

physical,  in  Arctic  Seas — I.  I.  Hayes : 196 

physical,  in  Arctic  Seas.     Parts  i-iv — E.  K.  Kane 198 

scientific,  metric  system  for— A.  GuYOT.     (R  1848) I 

ObMrvations — See  Magnetic,  Meteorological,  Physical,  Tidal. 

Observations,  meteorological — 

at  Brunswick,  Maine — P.  Gleaveland 204 

at  Providence,  Rhode  Island— A.  Caswell 103,  443 

at  Sacramento,  California— F.  W.  Hatch.     (R.  1864) 76 

at  Sacramento,  California— T.  M.  Loqan.     (R.  1864) 76 

at  Washington,  Arkansas — N.  D.  Smith , 131 

combined,  report  of  committee  of  American  Association  for  Advance- 
ment of  Science  on  system  of.     (R.  1861) 61 

directions  for- A.  Guyot. 19 

for  year  1866 93 

in  the  Arctic  Seas— £.  K.  Kane 104 

Observations  of — 

earthquake  phenomena — R.  Mallet.     (R.  1869) 110 

Siredon  lichenoides— W .  E.  Carlin.     (P.  1881) 467 

temperature,  best  hours  for— C.  Dewey.     (R.  1860) 147 

thunder  storm,  John  Wise's — R.  Hare.     (R.  1864) 76 

thttoder  storms,  instructions  for — J.  Henrt .^ 235 
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ObservationB  on — 

auroras,  map  of  stars  near  North  Pole  for 350 

Baiia  maritima  of  Linnesus — J.  ToRRKT « €0 

electric  resonance  of  mountains — H.  Db  Saussure.     (R.  1868) 22i 

gold  ornament  from  mound  in  Florida— C.  Rau.     (R.  1877).—  323,  440,  403 

ice — D.  Walker 146 

Mexican  history  and  archajology — B.  Mayer 86 

natural  phenomena,  shooting  stars,  aurora,  etc.— S.  Masterman.     (R. 

1867) 107 

prehistoric  mounds  of  Grant  county,  Wisconsin — M.  Stroito.    (R.  1876.)    299 

terrestrial  magnetism — J.  Locke 35 

terrestrial  magnetism  and  deviation  of  compasses  of  .iron-clad  ''Monad- 
nock  " — W.  Hakknkss ' 1_ 239 

terrestrial  magnetism  in  Mexico — Baron  von  Muller;  A.  Soxntao 114 

thunder  and  lightning— S.  Masterman.     (K.  1865)  . 77 

Observatories — 

at  Dorpat  and  Poulkova,  description  of— C.  Abbe.     (R.  1867) 215,  369 

detached,  universal  meteorograph  for — E.  H.  von  Baumhauer.  (R.  1879.)    345 

instructions  to,  relative  to  telegraphic  announcements  of  astrononiioul 
discoveries — J.  Henry 263 

reports  of,  1879— E.S.  Holden.     (R.  1879)  ._ 345,410 

reports  of,  1880— E.  S.  Holden;  G.  H.  Bobhmkr.     (R.  1880) 442,  438 

Observatory — 

at  Cordova,  Argentine  Republic,  atcount  of^B.  A.  Gould.     (R.  187»^.)    275 

at  St.  Martin,  Isle  Jesus,  Canada  East,  description  of — C.  Smallwood. 

(R.  185G) 91 

Girard  College — Ser,  Bache,  A    D. 

Kew,  verification  of  baroineters  at— J.  Welsh.     (R.  1850) 110 

magnetic,  at  Smithsonian  Institution,  description  of — J.  E   Hilgard 

(K.  1850) 110 

physical,  on  u— J.  He.nry.     (11.  1870) >_. •J44 

Toronto,  instructions  by,  for  aurora  observations 148 

Observers,  meteorological,  of  Smithsonian  Instituti(»n,  list  of.     (U.  1808)--  224,  373 

Observers — See  Meteorological  stations  and  observers. 

Occultations — 

in  1852— C.  U.  Davis 29 

of  planets  and  stars  by  the  moon,  1853 — J.  Downes 54 

visible  in  the  United  States  during  the  years  1848-1852 — ,1.  Downes. 

8,  9,  10,  11,  29 

Occultator,  account  of— T.  Hill 101 

Ocean,  frc.-h  water  in  the— W.  C.  Dknnis.     (U.  18GG) 214 

Ocean,  Indian,  cyclone  in  the — N.  Pike      (R.  1807) 215 

Oceanic  l>onito  on  coast  of  Unit*  d  States — G.  B.  Goode  ;  T.  II.  Bean.  (P.  1878  )    382 
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Oceanic  bonito  (Orcynun  p^lamya)^  occurrence  of,  in  Vineyard  Sound — V.  N. 

Edwards.     (P  187H) - 882 

Odling,  W.     Scientific  work  of  Thomas  Graham.     (R.  1871) 249 

OKnLER.  A.     Stone  cisis  near  Hi|^hlund,  Mudison  county,  Illinois.     (R.  1879.)  845 

Oersted,  H.  C,  memoir  of,  by  E.  Dm  Beaumont.     (R   18(58) - 224 

Officers— 

and  establishment  of  the  Smithsonian  Institution  and  National  Museum.  449 

collaborators,  employ^-,  etc.,  of  Smithsonian  Institution,  National  Mu- 
seum, Geological  Survey,  Bureau  of  Ethnology,  and  Fish  Commis- 
sion, din»ctory  of 466 

and  Regents  of  Smithsonian  Institution,  1846,  list  of N 

Ohio- 
ancient  earthworks  in,  sketch  of— I.  Dills.     (R.  1866) 214 

ancient  works  in,  descriptions  of — C.  Whittlesky 37 

Ashland  county,  earthworks  in — G.  W.  IIiLL.     (R.  1877) 82.i 

Ashtabula  county,  double-walled  earthwork  in— S.  D.  Pest.     (R.  1876.)  299 

Holmes  county,  flint  instrupnents  in — H.  B.  Case.     (R.  1877) 823 

Kelley's  Island,  climate  of— G.  C.  Huntinoton.     (R.  1866) 214 

Marietta,  meteorological  observations  at — S.  P.  IIildeetii;  J.  Wood  ..  120 

northern,  antiquities  of— G.  W.  IIill.     (R.  1874) 286 

Perry  county,  antiquities  of— W.  Anderson.     (R.  1874) 286 

Trumbull  county,  mound  in — F.  Miller.     (R.  1877) 828 

Ohio  river,  habits  of  black  buss  of  the— J.  Eoff.     (R.  1854) . 76 

Ohio  river,  suggestions  for  improvement  of  navigation  of — C.  Ellet,  Jr. 18 

Oil- 
coal,  explosibility  of— Z.  Allen.     (R.  1861) 149 

porpoise,  manufacture  of — C.  Cook.     (P.  1878) 882 

rock,  or  petroleum,  history  of— T.  S.  IIunt.     (R.  1801) 149 

Oil-shark  of  southern  California— D.  S.  Jordan;  C.  II.  Gilbert.     (P.  1880.)  426 
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Ponlkovaand  Dorpat,  description  of  observatories  at — C.  Abbe.    (B.  1867.)  216,  869 
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publications,  exchanges,  explorations,  and   Museum,   1851-1877 — S.  F. 

Baird.     (R.  1851-1877) 51,  57,  67,  75,  77,  91,  107,  IW.  11«>. 

147j  149.  150.  187,  188.  209,  214.  215,  224,  228,  244,  249.  271.  275.  'Jy:. 

recent  prosjress  in  ithvsica :  electricity,  galvanism — J.  Mi'LLER.    ill,  Is"^ 

1837) .\ 77.  ^:.ia: 

shell  heaps  of  Tampa  Hay.  Florida— S.  T.  Walker.     .  R.  1«79- MS 

shells  presented  to  Academy   of  Natural  Seience* — J.    Lkipv  :  G    W. 

Tryon.     (i:.  1805i _ __ 3n 

state  of  knowledije  of  radiant  heat — B.  Powell.     fR.  1851*. 110 

survey  of  ec'intjmic  ireoloiiy  of  Trinidad — G.  P.  Wall;  J.  G.  S.\WKiy4. 

^R.   1850) fl 

system  iif  aotounts.     (R.  18*56) 2M 

use  of  new  hall  in  Smithsonian  buildinj; — L.  Agassiz.     (R.  1807) SU 

Report  to  Emperor  of  France  by  Minister  of  Pubii*:  Iristructi<ui  on  scieniiflc 

expedition  to  Mexico.     .  K.  lS04i IS 

Reports,  meloorologii'al.  preserved  in  Smithsonian  Institution,  list  of.    ( R  187S.)    ft% 
Reports  of — 

astronomical  observatories,  1870— E.  S.  Holden.     ;R.  1879) Mft|  410 

astronomical  observatories,  1880 — E.  S.  Holden  ;  G.  U.  Boshmrr.     (R. 

ISSO) _ _._ UL4M 

Committees  of  Regents,  1S4G-1S77- r ..^    tt 

Secretary  of  Smithsonian  Institution.  J.  Henry,  1865-1877  ....^^_» 
Smithsonian  Institution,  catalogue  and  index  of ______  — 
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Baports  on  transactions  of  Geneva  Society  of  Physics — See  Genera. 

Beptiles— 

circular  relating  to  collections  of  living -.--.,  . 320 

cretaceous — J.  Leidt _« «, 192 

cretaceous,  review  of— J.  Liidt.     (R.  1864) 188 

dates  of  first  appearance  of— P.  B.  HonoH 182 

extinct — J.  Lkidt 192 

North   American,  catalogue  of.     T^H  i.  Serpents — S.  F.   Baird;   0. 

GiRABD 49 

Beptilia,  check-list  of  North  American — E.  D.  Oope . ..^....  292 

Bequest  for  bison  by  Bern  Museum.     (R.  1866)..-. 209 

Bequest  for  shells— W,  E.  Looak.     (R.  1869) 110 

Beaearch — 

ethnological— E.  H.  Davis.    (R.  1866) 214 

relative  to  ethnology  and  philology  of  America,  instructions  for — G. 

GiBM - - 160 

upon  the  atmosphere,  plan  of  a— G.  M.  Wethbbill.     (R.  1866) 214 

Besearches — 

archsBological,  at  Concise— F.  Tboton.     (B.  1861) 149 

archaeological,  in  Nicaragua — J.  F.  Bran8fob]> 383 

by  officers  of  Hudson's  Bay  Company,  letter  of  Sir  G.  Simpson 487 

geological,  in  China,  Mongolia,  and  Japan — R.  Pumfbllt 202 

in  sound— J.  Hknbt.     (R.  1878) 841,  406 

on  ammonia-cobalt  bases — ^W.  Gibbs;  F.  A.  Gbnth ^ 88 

on  electrical  rheometry — A.  Sbcchi 36 

on  figure  of  equilibrium  of  a  liquid  mass  withdrawn  from  action  of 
gravity — See  J.  Plateau. 

on  secular  variations  of  planetary  orbits — J.  N.  Stock  well.     (R.  1871.)  249 

relative  to  nebulaa— Prof.  Gautibb.     (R.  1868) 187 

relative  to  planet  Neptune^— S.  C.  Walkbb 3 

scientific,  list  of  apparatus  available  for.     (R.  1878) ^ 841 

scientific,  of  Peltier— F.  A.  Peltier.     (R.  1867) 216 

upon  anatomy  and  physiology  of  Chelonia — S.  W.  Mitchell;  G.  R. 

MOBEHOUSE 159 

upon  fever — H.  C.  Wood 867 

upon  Hydrobiinas  and  allied  forms — W.  Stimpson 201 

upon  venom  of  the  rattlesnake— S.  W.  Mitchell . 135 

Betiduary  legacy — See  Smikhson. 

Besolutions  of  Congress — See  Congress. 

Besolutions  of  Regents — See  each  annual  report. 

Beaonance,  electric,  of  mountains,  observations  on  the — H.  Db  Saussubb.     (R. 

1868) 224 

Btapiration,  apparatus  for  testing  results  of— M.  Pettbnkofbb.     (R.  1864)...    188 
10 
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Respiration  in  the  Chelonia,  researches  on — 8.  W.  Mitohsi.1.;  O.  S.  ]f< 

HOtJSE _ 

Results  of— 

magnetic  survey  of  Pennsylvania — A.  D.  Baghe .i^ 

meteorological  observations  at  Brunswick,  Maine — P.  Clbayxulkd 

meteorological  observations  at  Marietta,  Ohio — 8.   P.   Hildkkth;  J. 
"Wood 

meteorological  observations  at  Providence,   Rhode   Island,   1831-1860, 

1881-1876— A.  Caswell IW, 

meteorological  observations  in  the  United  States,  1864—1859 167, 

precipitation  in  rain  and  snow  in  United  States — C.  A.  Schott 

spectrum  analysis  applied  to  heavenly  bodies — ^W.  Huqoiks.     (R.  1866.)   IM 

^  RsTZius,  A.     Present  state  of  ethnology  in  relation  to  form  of  the  skull.     (R. 

1859) ^- - - - in 

Review  of — 

American  birds.     Part  i.  North  and  Middle  America — 8.  F.  Baied  ... 

American  species  of  genus  Scops — R.  Ridowat.     (P.  1878) 

classification  of  birds — W.  Lilljbboeo.     (R.  1865) 209, 

cretaceous  reptiles  of  the  United  States— «T.  Lkidt.     (R.  1864) 

genera  and  species  of  family  Cenirarehidas — C.  L.  McKat.     (P.  1881;.. 

•     genus  Centurua — R.  Ridowat.     (P.  1881) 

pleuronectidffi  of  San  Francisco— W.  N.  Lockinotok,     (P.  1879) 

Rafinesque's  memoirs  on  North  American  fishes — D.  S.  Jordan 

Revisions  of  nomenclature  of  North  American  birds — U.  Ridowat.     (P.  18S0.) 

Revolutions  of  crust  of  the  earth — G.  Pilar.     (R.  187G) 

Reye,  T.     Rain-fall  and  barometric  minima.     (R.  1877) 32S, 

Reynolds,  J.  E.     Hydrogen  as  gas  and  metal.     (R.  1870) . 

Rhees,  W.  J. — 

Catalogue  and  index  of  publications  of  the  Smithsonian  Institution,  U.  S. 
National  Museum,  etc.,  1846-1881 . 

James  Smithson  and  hie  bequest.     (R.  1879) S45^ 

Journals  of  Board  of  Regents,  reports,  statistics,  etc.,  of  Smiths<>nian  la* 

stitution ,,^ 

List  of  public  libraries,  institutions,  and  societies  in  United  Stmtct 
British  Provinces ,^ 

List  ofpublic  libraries,  institutions,  and  societies  in  United  States  in 

respondenco  with  Smithsonian  Institution . ,^ 

Origin  and  history  of  Smithsonian  Institution. — •> ...—  ,— 

Scientilic  writings  of  James  Smithson,  (edited  by) .« 

Rbeometry,  olectricul,  researches  on — A.  Secchi « ««. 
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Rhinobatidso,  American,  synop>is  and  descriptions  of — S.  Garmav.     (P.  18HL)    S    i 

Rhinonemus  caudacuta,  identity  of  with  Oadus eimbritia — G-.  B.  GkMilS;  T.B» 

Bean.     (P.  1878) ,^— -.-*..-.   1 


OF  SMITHSONIAN   PUBLICATIONS.  291 

lode  Island,  list  of  algse  of— S.  T.  Olney 241 

lode  Island,  Providenco,  meteorological  observations  at,  1831-1860, 1831-1876— 

A.  Caswell . 103,443 

lodospermecB— W.  H.  Habykt 48 

DQWAT,  R. — 

CaUlogue  of  birds  of  North  America.     (P.  1880) —  426 

GaUlogue  of  Old  World  birds  in  U.  S.  National  Museum.     (P.  1881)  ..  467 

OaUlogue  of  Trochilidce  in  U.  8.  National  Museum.     (P.  1880) 426 

Description  of  new  fly-catcber  and  new  petrel  from  Sandwich  Islands. 

(P.  1881) -  467 

Description  of  new  owl  from  Porto  Rico.     (P.  1881) 467 

Description  of  new  species  of  birds  from  Costa  Rica  and  notes  on  rare 

species.     (P.  1878) 832 

Descriptions  of  new  species  and  races  of  American  birds  and  synopsis  of 

genus  Tgrannua,     (P.  1878) L 832 

Descriptions  of  new  species  and  races  of  birds  in  U.  S.  National  Museum. 

(P.  1878) - 832 

Descriptions  of  two  new  thrushes  from  the  United  States.     (P.  1881) 467 

List  of  special  desiderata  among  North  American  birds.     (P.  1881) 467 

List  of  species  of  Middle  and  South  American  birds  not  in  National 

Museum.     (P.  1881) 467 

Nomenclature  of  North  American  birds  chiefly  in  National  Museum 422 

Notes  on  some  Costa  Rican  birds.     (P.  1881) 467 

On  Amtuilia  Vucatanenna  and  AmazUia  cerviniventria,     (P.  1881) ^  467 

On  duck  new  to  American  fauna.     (P.  1881) 467 

On  new  humming  bird,  Aiihia  EUiottif  from  Guatemala.     (P.  1878) .  332 

On  two  recent  additions  to  North  American  bird  fauna  by  L.  Bolding. 

(P.  1881) - - 467 

Review  of  American  species  of  genus  Scops,     (P.  1878) .  332 

Review  of  genus  Oenturus,     (P.  1881.) 467 

;XD,  A.    Human  remains  from  Patagonia.     (R.  1862) ^ .^  160 

:oa8,  S.  R.    A  dog's  revenge  (Dakota  fable.)    (E.  1879-80) 476 

:oQ8,  S.  R.    Grammar  and  dictionary  of  Dakota  language — . 40 

pley,  Fort,  Minnesota,  natural  history  of  the  country  about — J.  E.  Head. 

(R.  1854) - 76 

ssoidse,  fresh-water— W.  G.  Bikkbt '. 144 

ver,  Kennebec,  opening  and  closing  of  the — R.  H.  Gardiner.     (R.  1858)  ..  109 

vers — 

dates  of  opening  and  closing  of— F.  B.  HonoH ..^ 182 

diminution  of  water  in-H.  G.  Wex.     (R.  1875) 298 

improvement  of  navigation  of — C.  Ellet,  Jr. 18 

method  of  ascertaining  amount  of  water  in — A.  A.  Humfhrstb.  (R.  1868)  109 

>ads  and  bridges,  lectures  on— F.  Rogers.     (R.  1860;  R.  1861) 147,  149 
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Robertson,  R.  S.^ 

Ago  of  stone  and  troglodytes  of  Breckenridge  oounty,  Kentucky.    (B^ 
1874) m 

Antiquities  of  Allen  and  De  Kalb  counties,  Indiana.     (R.  1874) .—   W 

Antiquities  of  La  Porte  county,  Indiana.     (R.  1874) ..^   W 

Antiquities  of  Nashville,  Tennessee.     (R.  1877) ^   fli 

Robinson,  £.,  and  others.     On  publication  of  Spanish  worka  on  New  Mexico. 

(R.  1855) - _     n 

Robinson,  E.,  and  others.     On  publication  of  Squier  and  Davis'  ancient  mona- 

ments - X 

Rock  Bluff,  Illinois,  description  of  human  skull  from<— J.  A.  Meios.    (R.  1867.)    211 

Rock-oil,  or  petroleum,  history  of — T.  S.  Hunt.     (R.  1861) 111 

Rock  river  valley,  Illinois,  mound  builders  in — J.  Shaw.     (B.  1877) ..    tt 

Rocks^ 

catalogue  of— .T.  W.  Foster.     (R.  1864) 71 

catalogue  of— 0.  T.  Jackson.    (R.  1864) 71 

catalogue  of— J.  Locke.     (R.  1854) 71 

catalogue  of— J.  D.  Whitney.     (R.  1864) 71 

crystalline,  metamorphism,  and  formation  of— G.  A.  DAUBRfis.  (R.  1861.)  1# 

in  Green  river  valley,  Indian  engravings  on  face  of — J.  G.  Brctff.     ^K. 
1872) - - m 

Rocky  Mountain  goat,  habits  of  the — J.  C.  Merrill.     (P.  1879) tU 

Rodent,  rure,  (Cricetodipiia parvus)— F.  W.  True.     (P.  1881) 487 

RoEHKiQ,  F.  L.  O.    Language  of  Dakota  or  Sioux  Indians.     (R.  1871) 249,  Sit 

Rogers,  F.     Lectures  on  roads  and  bridges.     (R.  18G0  ;  R.  18G1) 147,  l# 

Rogers,  W.  B.     Momorial  address  on  Joseph  Henry — ^ 

Rome,  Pontifical  Acadiimy — See  Prize  questions. 

RoMER,  F.  F.     Prehistoric  antiquities  of  Hungary.     (R.  1870) 2*J9,  440, 

Romero,  M.     Explorations  of  John  Xantus  in  Mexico.     (R.  1802) 

RosiNQ,  J.     Exchange  system.     (R.  1865) flI 

Ross,  13.  R.     Eastern  Tinneh  Indians.     (R.  1866) 214,10 

Ross,  B.  R.     Observations  in  Hudson's  Bay  Territory.     (R.  18.39} .     Ill 

Rotary  motion,  problems  of — J.  G    Barnard 

RoTUROCK,  J.  T.     Sketch  of  flora  of  Alaska.     (R.  1867) ._ SIS, 

Rotterdam,  Batavian  Society  of  Experimental  Philosophy  of.     Prize  question!. 
(R.  1801) —I _ - 1 

Royal — 

Academy  of  Netherlands.     Prize  questions.     (R.  1861) .—  -...•-.^ 

Academy  of  Science,  Madrid.     On  exchanges.     (R.  1861) « ..-——    !• 

Danish  Society  of  Sciences.   Prize  questions.  (R.  1862, 1865,1867.)  lfiO,Sn,Sli 

Horticultural  Society,  London.     Exchange  of  publicatiooi.     (&.  1861)^    1# 

Institution  of  Great  Britain,  history  of— E.  Maillt.     (B.  1867).^ 

Prussian  Academy  of  Sciences.     Prize  questions.     (B.  1864).. 
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Koyal — Continued. 

Scientific  and  Literary  Institute  of  Lombardy.    Prize  questions.  (R.  1865.)  209 

Society  of  London,  list  of  Smithson's  papers  presented  to.     (B.  1868.)  67,  888 

Society  of  London,  notice  of  Smithson,  by  D.  Gilbert,  president  of.     (B. 

18(>8) L - 67,  880 

Society  of  London,  origin  and  history  of— C.  A.  Alsxandbb.     (B.  1868.)  187 

Society  of  Victoria,  address  of  president  of— B.  L.  J.  Ellkbt.     (B.  1868.)  224 

BOTCK,  C.  0.     Cessions  of  land  by  Indian  tribes  to  United  States.     (E.  1879-80.)  476 

Buin,  ancient,  in  Arizona — J.  C.  Y.  Lbe.     (B.  1872) 271 

Buins — 

at  Savannah,  Tennessee— J.  P.  Stblle.     (B.  1870) — 244 

in  Hardin  county,  Tennessee-^.  P.  Stelle.     (B.  1870) 244 

in  White  rivercaflon,  Pima  county,  Arizona — B.  T.  Burr.     (B.  1879.)    845 

Bules— 

for  cataloguing  libraries — C.  C.  Jewett . 47 

for  examination  of  specimens.     (B.  1880) 442 

of  distribution  of  Smithsonian  publications . ^  290 

RuNKLE,  J.  D.     New  tables  for  determining  perturbation  of  planets 79 

RuNKLB,  J.  D.    Supplement  for  asteroid  perturbations 94 

Bupert's  Land,  Institute  of,  circular  of  the.     (B.  1861) _^ 149 

Bush,  B.» 

correspondence  of,  relative  to  Smithson ^ 828 

letter  from,  relative  to  James  Smithson.     (B.  1853) 67,  828 

notice  of,  by  J.  A.  Pearce.     (B.  1859) 110 

BxTSSELL,  B.     Lectures  on  meteorology,  with  notes  by  J.  Hbkrt.     (B.  1854)..  76 

Bussia,  meteorology  in— A.  Woeikoff.     (B.  1872) 271 

Bussian  America — 

ethnological  investigations  in,  suggestions  for — O.  Oibbs 207 

suggestions  relative  to  objects  of  scientific  investigation  in — J.  Henbt..   207 

Tinneh  Indians  of— O.  Oibbs  ;  B.  Boas ;  W.  L.  Habdistt  ;  S.  Jones. 

fB.  1866) .- 214.365 

Yukon,  journey  to  the— W.  W.  Kibby.     (B.  1864) 188 

RirriMEYEB,  L.     Fauna  of  middle  Europe  during  the  stone  age.     (B.  1861)..     149 
Btder,  J.  A. — 

Camaraphysema,  a  new  type  of  sponge,     (P.  1880) 425 

List  of  North  American  species  of  myriapods  }>elonging  to  family  of 
LynopettUidoBy  with  description  of  blind  form  from  Luray  Cave,  Vir- 
ginia.    (P.  1880).. 426 

On  Semper's  method  of  making  dry  preparations.     (P.  1881) ^ 467 
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Sabins,  E.     Magnetic  i 

Babihe,  E.    On  ci 

Sablo  Island  8ank,deicriptic 


(K.  1 


{B.  I860)-. 
^«  of  magnetin  observalionE. 
in  of  Argentina  ayrUnaium,  new  (]eep-«ea  flsb  Irom — 

G.  B.  Goouk;  T.  H.  BiAM,     (P.  1878) : 

Sacken,  Oalea—Ste  Ostun  Sacken, 
Sacramento,  CiiUforniu— 

metBorological  obaervRlions  at — F.  W.  Hatch.     (R.  1864) 

meleorological  obMrvatiom  at — T.  M.  Looam.     (B.  1854) 

meteorology  of— T.  M.  Loqan.     (R,  1857) 

Sacramento  rivor,  4o9criplion  of  dcw  spucias  of  FltfcltoehUua  (Pli/elioehilHa  Bar- 

fordi)  from— D.  8,  Jobdan;  C.  H.  OitBBKT.     (P.  1881) 

Saint  Au^ustino,  Florida,  catalogue  of  caitf  of  beadi  of  Indian  priaooer*  at — 

R.  H.Pratt.    (P.  ]878) . 

Saint  ChrlstophoT,  Weet  Indiet,  descriptioa  of   new  ■ubtpedet   «f  loxlgtltk 

from— Q.  N.  Lawrence.     (P.  1B81) ■ 

Saint  Croii  Island,  flora  of— H.  F.  A:  Booers i 

Saint  Georgo's  Banks,  occurrence  of  Hlppoeompmaniisuoriiin  on — Q.  B.  Goods. 

(P.  1878) _ .    ; 

Saint  Hilaire,  Etienne  GeotTroy,  memoir  of,  by  M.  FLODRisira.     (R.  1861) : 

Saint  Hilaire,  iBidore  Geoffmy,  memoir  of— J.  L.  Qdatbefaoes.  (R,  1862)..  : 
Saint  John's  river,  Ploridn,  catalogue  of  Ssbea  of— G.  B.  Ooodb.  (P.  187»)  —  i 
Saint  Jolin'H  river,  Florida,  shelUheaps  at  mouth  of— 8.  P.  Uatbbbbt.     (B. 

Saint  Louis,  Missouri,  andeot  mound  in— T.  H.  Pbalb.     (R.  1661)  — ,     1 

Saint  Louie,  MiHouri,  temperature  of— A,  Fendleb.     fB.  1860) | 

Saint  Martin,  Iile  Jesus,  Canada  East,  description  of  observatory  at— O.S)tALL> 

WOOD.     (R,  186H) 

Saint  Michuul'B,  Alaska,  i 

(P.  1870) 

Saint  Michucl-s,  Alaeba,  i 

(P.  1878) . 

Saint  Petersburg  Academy  of  Sciencss.     Exchange  ayetem 
Saint  Thomas^ 

earthquakes  in — Q.  A.  Latimeb.     (B.  1807) 

hurricane  in  tha  island  of— O.  A.  Latiwkh.     [R.  18B7) 

whirlwind  at,  August  21,  1871— A.  OOLDtHO,     (R.  1817) SSI, 

Saint  Vincent,  catalogue  of  Ober's  collection  of  birds  of^O.  K.  Lavbkkcs. 

[P.  1878) 

Salamander— 

habits  of  a  specie*  of— C.  Majjn,     (R.  I8G4) . .... 

inhabiting  Wiaeonain- P.  R.  Hor.     (R.  1854) 

or  pouched  rat.  of  Georgia,  babiis  of— W.  Gksner.     (R.  1880) 


f  Hippoglostaa  vulgaris 
of  Stiehtrus  puttclatiu  al — T. 

(B.  18S7). 


-T.  n.  BxAX. 


.  Bkax. 
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Salisbury,  England,  notice  of  Blackmore  Museum  at.     (B.  1868) 224 

Salmon  in  Columbia  river,  Cbinook  names  of— S.  B.  Smith.     (P.  1881) 467 

Salmonidse  of  upper  Columbia,  notes  on  the — C.  Bbkdirk.     (P.  1881) 467 

Salt  deposit  on  Petite  Anse  Island— E.  W.  Hiloard.. 248 

Salt  water,  preservation  of  copper  and  iron  in — A.  £.  Becquebel.     (R.  1864.)  188 

Samoan  Islands,  fishes  from  the — T.  H.  Streets 808 

Sao  Diego,  California — 

description  of  new  gobioid  fish  (Othonopseoa)  from— R.  Smith.    (P.  1881 .)  467 

description  of  new  species  of  OobUtox  (Oobieaox  rhesaodon)  from — R. 

Smith.     (P.  1881) — 467 

notes  on  collection  of  fishes  from — D.  S.  Jordan  ;  C.  H.  Gilbert.     (P.' 

1880) _ ^  426 

occurrence  of  species  of  cremnobates  at — R.  Smith.     (P.  1880) 426 

San  Francisco,  California — 

climate  of— H.  Gibbons.     (R.  1864) - 76 

fishes  of — See  Jordan,  D.  S.,  Gilbert,  C.  H.,  Lockington,  W.  N. 

review  of  PUuronectidce  of— W.  N.  Lockikqton.     (P.  1879) 888 

Sandwich  Islands,  description  of  new  fiy-catcher  and  new  petrel  from — R. 

RiDOWAT.     (P.  1881) - 467 

Sanitary  drainage  of  Washington,  suggestions  for  the.    Toner  lecture  No.  yiii — 

G.  E.  Waring 349 

Santa  Barbara,  California,  pleistocene  fossils  collected  at,  by  E.  Jewett— P.  P. 

Carfenter 262 

Santa  Barbara  channel,  California,  description  of  two  new  species  of  scopeloid 
fishes  {Sudia  ringens  and  Myctophum  erenulare)  from — D.  S.  Jordan  ; 

C.  H.  Gilbert.     (P.  1880) 426 

Santa  Catalina  Island,   California,  description  of  new  fiounder   {Xystreurya 

liolepia)  from— D.  8.  Jordan;  C.  H.  Gilbert.     (P.  1880) 426 

Santa  Lucia  Cosumalwhuapa,  Guatemala,  sculptures  of — S.  Habel 269 

Santa  Rosa  Island,  history  and  antiquities  of— S.  Bowers.     (B.  1877) 823 

Sarcophagus  from  Beirut,  Syria,  account  of— A.  A.  Harwood.     (R.  1870) 244 

Sarqent,  a.  a.,  and  others.     Report  on  Museum.     (R.  1876) 299 

Sabqent,  W.  D.     Influence  of  aurora  on  the  telegraph.     (R.  1870) 244 

Sargus  Holbrookii,  a  new  sparoid  fish  from  Savannah  Bank,  description  of — 

T.  H.  Bean.     (P.  1878) - 882 

Sartorius,  C.     Earthquakes  in  eastern  Mexico,  January,  1866.    •(R.  1866)...  214 

Sabtorius,  C.    Eruption  of  volcano  of  Colima.     (R.  1869) —  228 

Saturn,  secular  variations  of  elements  of  orbit  of,  with  tables — J.  N.  Stock- 
well  232 

Saunders,  Commander.     Tidal  record  at  Wolstenholm  Sound,  1849,  1850 180 

Saussure — See  De  Saussure. 

Savage  weapons  at  Centennial  Exhibition,  study  of — E.  H.  Knioht.     (R. 

1879) - 845,  415 

SaTannah,  Tennessee,  account  of  aboriginal  ruins  at — J.  P.  Stslle.    (R.  1870.)  244 
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Savannah  Bank,  de8cription  of  new  sparotd  fish  (Sarffus  HMrookU)  ftrom — ^T.  H. 
Bkan.     (P.  1878) J 

Savannah  river,  primitive  manufacture  of  spear  and  arroyr  points  along  line  of— 

C.  0.  JoNKS,  Jr.     (R.  1879) __ S45 

Sawkins,  J.  G.,  drawings  of  Zapotec  remains  by j.._ 8$ 

Sawkins,  J.  G. ;  Wall,  G.  P.     Economic  geology  of  Trinidad.     (B.  1856)..     91 

Scenery,  catalogue  of  sketches  of — J.  M.  Stanley 5S 

Scheme  for  qualitative  determinations  by  the  blow-pipe— T.  Eolkstoh.     (B. 

1872)  .- m 

Scheme  of  classification  for  collections  of  U.  S.  National  Museum — G.  B. 

GooDi.     (P.  1881)— - - 467,457 

Sohbrzer;  ScHWARZ.    Table  of  anthropological  measurements.     (R.  1866)..    214 

ScHLAOiNTWsiT,  H.  Db.     Ethnographical  Collections.     (R.  1862) 160 

Schlagintweit  ethnographic  collection,  account  of  the — H.  !Sisosnbal8.     (R. 

1867)- - - 216 

ScHLEiDEN,  R.     Free  freight  between  Germany  and  United  States  by  North 

German  Lloyd.     (R,  1858) 10^ 

Schoenbein,  0.  F.,  notice  of,  by  J.  Henry.     (R.  1868) 224 

Schoharie,  Now  York,  Indian  relics  from — F.  D  Andrews.     (R.  1879) S4S 

Schoodic  Lakes,  Maine,  description  of  new  species  of  Ocuteroateua  from — ^T.  H. 

Bean.     (P.  1879) 881 

ScHOTT,  A.     Remarks  on  ancient  relic  of  Maya  sculpture.     (R.  1871) 249 

ScHOTT,  A.     Remarks  on  the  Cara  gigantesca  in  Yucatan.     (R.  1869) 228 

ScHOTT,  A. ;  Mason,  O.  T.     Leipsic  Museum  of  Ethnology.     (R.  1878) 275 

SCHOTT,  C.  A. — 

Base-chart  of  the  United  States 414 

Discussion  of  Caswell's  meteorological  observations  at  Providence,  Rhode 

Island 103 

Discussion  of  Cleaveland's   meteorological  observations  at  Brunswick, 

Muine 204 

Discussion  of  Huj'es'  physical  observations  in  the  Arctic  Seas , 196 

Discussion   of   Hildroth's   and   Wood's   meteorological   observations   at 

Marietta,  Ohio 120 

Discussion  of  Kane's  astronomical  observations  in  the  Arctic  Se^s 129 

Discussion  of  Kune's  magnetic  observations  in  the  Arctic  Seas 97 

Discussion  <^  Kane's  meteorological  observations  in  the  Arctic  Scjis 104 

Discussion  of  Kune's  physical  observations  in  the  Arctic  Seas 198 

Discussion  of  Kane's  tidal  observations  in  the  Arctic  Seas 130 

Discussion  of  McClintock's   meteorological    observations  in    the   Arciir 

Seus 146 

Discussion  of  Smith's  nieteorolosrical  observations  made  near  Wasbinir- 

ton,  Arkansas 131 

Tables,  distribution,  and  variation  of  atmospheric  temperature 277 

Tables  of  rain  and  snow  in  the  United  States 222, 
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80HOTT,  0.  A.;  Etsbstt,  J.  D.     Underground  temperature.     (R.  1874) 286 

Bohulze— iS^  GluB8  A  8chu1ze. 

SOHUMACHSR,  P.     Ancient  graves  and  shell-heaps  of  California.     (R.  1874)  _.     286 

80BUMACHXB,  P.    Ejdkken-moddings  on  the  northwest  coast  of  North  America. 

(B.  1878) _ _ 275 

SCHWARZ;  80HXRZXB.     Table  of  anthropological  measuremenU.     (B.  1866)..     214 
Science— 

on  a  dominant  language  for— A.  Db  Gandollx  ;  J.  E.  Gray.    (B.  1874.)    286 

in  general,  relation  of  the  physical  sciences  to— H.  Hblmholtz.  ( B.  1871. )    249 

recent  progress  in — See  Becord. 

trust  fund  for  promotion  of,  in  the  United  States— J.  Ttndall.     (B.  1872)    271 

Seience,  Agriculture,  and  Arts,  Society  of,  Lille — See  Prize  questions. 

Science,  Art,  and  Literature,  Society  of,  Hainaut — See  Prize  questions. 

Sciences,  Harlem  Society  of — See  Prize  questions. 

Sciences,  Letters,  and  Arts,  Society  of,  DunkirkT-Ssc  Prize  questions. 

Sciences,  Natural,  Society  of,  Cherbourg — See  Prize  questions. 

Sciences,  Boyal  Danish  Society  of^-See  Prize  questions. 

Scientific — 

character  and  researches  of  Smithson — W.  B.  JonNBON 827 

Congress  of  Carlsruhe,  1868— F.  J.  NiCKLis.     (B.  1860) 147 

cooperation — University  of  Toronto.     (B.  1861) 149 

education  of  mechanics  and  artisans — A.  P.  Pkabodt.     (B.  1872)..  271,  380 

exchanges — See  Exchanges. 

expedition  to  Mexico  by  French  Government.     (B.  1864) 188 

instructions  to  Capt.  Hall — J.  Henry;  J.  E.  Hiloard;  S.  Newcomb; 

S.  F.  Baird;  P.  B.  Meek;  L.  Aoaiwiz.     (B.  1871)- 249 

investigation  in  Bussian  America,  suggestions  relative  to — J.  Henry 207 

labors  of  Edward  Lartet— F.  Fischer.     (B.  1872.)— 271 

observatiuns,  on  metric  system  for — A.  Guyot.     (B.  1848) I 

progress,  reporU  of.     (B.  1880) 442,  427,  428,  429,  430,  431,  432 

researches  of  J.  C.  A.  Peltier— F.  A.  Peltier.     (B.  1867) 216 

societies,  local,  organization  of— J.  Henry.     (B.  1876) 298 

writings  of  Sir  William  Horschol— E.  S.  Holden  ;  C.  S.  Hastings. 

(B.  1880)- 442,426 

writings  of  James  Smithson 827 

Sdentific  and  Literary  Institute  of  Lombardy — See  Prize  questions. 

Scintillation  of  the  stars— C.  Dufocjr;  Kamtz.     (B.  1861) — 149 

Scops,  review  of  American  species  of  genus — B.  Bidgway.     (P.  1878) 332 

SCUDDER,  S.  H. — 

Bibliography  of  orthoptera -  189 

Catalogue  of  orthoptera  of  North  America 189 

Nomenclator  zoologicus.     An  alphabetical  list  of  generic  names  of  recent 

and  fossil  animals 470 
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ScuDDEB,  S.  H.,  and  others.     Insecta  of  Arctic  America ^ M2 

Sculpture,  Maya,  remarks  on  ancient  relic  of— A.  Sohoxt.     (R.  1871) 2i9 

Sculptures  of  Santa  Lucia  Cosumalwhuapa  in  Guatemala — S.  Habkl .  869 

Scytalina  cerdale,  new  species  of  fish  from  Neah  Bay,  Washin^^ton  Territory, 

description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880)  ,, 42S 

Sen,  gradual  approach  of,  upon  land— S.  P.  Matbsbbt.     (B.  1867) 816 

Seas,  the  northern — J.  Babinbt.     (R.  1869) 228 

Seaton,  W.  W.,  memoir  of,  hy  J.  Henry.     (R.  1866) 214 

Sehastichthys  carnatus,  new  species  of  rockflsh  from  coast  of  Oalifomia,  descrip- 
tion of— D.  S.  Jordan  ;  0.  H.  Gilbert.     (P.  1880) 4» 

Sehastichthys  chrysomelas,  new  species  of  rockflsh  from  coast  of  California, 

description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sehastichthys  entomelaSi  new  species  of  Sebctsiichthya  from  Monterey  Bay,  Cal- 
ifornia, description  of— D.  8.  Jordan;  C.  H.  Gilbert.     (P.  1880) -.    425 

Sehastichthys  maliger,  new  scorpsenoid  fish  from  coast  of  California,  description 

of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sehastichthys  miniatus,  new  species  of  SebMtichthya  from  Monterey  Bay,  Cali- 
fornia, description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sehastichthys  mystinus,  description  of— D.  S.  Jordan  ;  C.  H.  Gilbert.  (P.  1881)    467 

Sehastichthys  proriger,  new  scorpsenoid  fish  Arom  Monterey  Bay,  California,  de- 
scription of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sehastichthys  rhodochloris,  new  species  of  Sebastiehthya  from  Monterey  Bay, 

California,  description  of— D.  S.  Jordan;  C.  H.  Gilbert.    (P.  1880)—    425 

Sehastichthys  serriceps,  new  species  of  rock  cod  from  coast  of  California,  de- 
scription of— D.  S.  Jordan  ;  0.  H.  Gilbert.     (P.  1880) 425 

Sehastoid  fishes,  description  of  seven  new  species  of — D.  8.  Jordan;  C.  H.  Gil- 
bert.    (P.  1880) 425 

Secchi,  a.     Researches  on  electrical  rheometry 36 

Secretary  of  Smithsonian  Institution,  report  of — See  Henry,  J.,  Baird,  S.  P. 
Secretary  of  Treasury,  letter  to,  on  payment  of  interest  in  coin — J.  Henrt.    (R. 

1866) 209 

Secular  period  of  aurora  borealis — D.  Olmsted 81 

Secular  variations  of  elements  of  planetary  orbits — J.  N.  Stockwell.     (R. 

1871) 249,232 

Seismograph,  electro-magnetic — Prof.  Palmikri.     (R.  1870) 244 

Sema,  note  on— D.  S.  Jordan.     (P.  1880) 425 

Semper's  method  of  making  dry  preparations — J.  A.  Ryder.     (P.  1881) 467 

Senate  Judiciary  Committee,  report  of,  on  roanagemeut  of  Smithsonian — A.  P. 

Butler.     (R.  1865) 77 

Senses,  the.    Sense  of  feeling,  sense  of  smell.     (R.  1866) 209 

Senses,  the.     Sense  of  taste,  sense  of  hearing,  sense  of  sight.     (R.  1866) 214 

S^uard — See  Brown-S^quard. 

Series,  converging,  expressing  ratio  of  diameter  and  circumference  of  a  circle — 

W.  Ferrel 233 


OF   SMITHSONIAN   PUBLICATIONS.  299 

8eriola  Stearnsii,  new  species  of  amber  fish  from  Peosacola,  Florida,  descrip- 
tion of— G.  B.  Gk)ODK.    (P.  1879) 88d 

Sermon  at  funeral  of  Joseph  Henry — S.  8.  Mitchell 856 

Serpent  venom,  bibliography  of— S.  W.  Mitchell 186 

Serpents,  catalogue  of— S.  P.  Baibd;  C.  Girard 49 

Serpents,  lecture  on  nature  and  cure  of  bites  of — D.  Bbainard.     (R.  1854) 75 

Seven  cities  of  Cibola,  Coronado's  march  in  search  of  the — J.  H.  Simpson. 

(R.  1869) 228 

Sexual  characters  of  eels— S.  T.  Cattik.     (P.  1880) .— 425 

Shad,  western  gizzard,  Doroaoma  cepedianum  heterurum^  notes  on — S.  Wilmot. 

(P.  1878)  — - - 882 

Shakespbabe,  £.  O.    The  nature  of  reparatory  inflammation  in  arteries  after 

ligature,  etc.     Toner  lecture  No.  vii 321 

Shark,  the  oil,  of  southern  California,  {GcUeorhinua  gaUua) — D.  S.  Jordan  ; 

C.  H.  Gilbert.     (P.  1880) 426 

Sharpless,  T. ;  Patterson,  R.     Phonography.     (R.  1856) 91 

Shaw,  J.     Mound-builders  in  Rock  river  valley,  Illinois.     (R.  1877) 828 

Shea,  J.  G.     Account  of  library  of  Indian  linguistics.     (R.  1861) 149 

Shea's  Indian  linguistics,  recommendation  of— G.  Gibbs  and  others.     (R.  1861.)     149 

Shell-bed  skull— A.  8.  Tiffany.     (R.  1874) 286 

Shell-deposits,  artificial,  of  the  United  States— D.  G.  Brinton.     (R.  1866.)  214,  440 

Shell-deposiU,  artificial,  in  New  Jersey— C.  Rau.     (R.  1864) _ 188,  862 

Shell  engravings  granted  by  British  Museum.     (R.  1868) 187 

Shellfish  and  their  allies,  lectures  on— P.  P.  Carpenter.     (R.  1860) 147,  152 

Shell-heap  in  Georgia— D.  Brown.     (R.  1871) 249 

Shell-heaps— 

and  ancient  graves  of  California — P.  Schumacher.     (R.  1874) 286 

at  mouth  of  St.  John's  river,  Florida— S.  P.  Matberrt.     (R.  1877).--     828 

in  New  Brunswick— J.  Fowler.     (R.  1870) 244 

of  Tampa  Bay,  Florida— 8.  T.  Walker.     (R.  1879) 845 

on  Mobile  river,  Alabama — A.  S.  Gaines  ;  K.  M.  Citnninoham.     (R. 

1877) ..-. 828 

Shell-mounds — See  Mounds. 

Shells- 
acknowledgment  for— W.  H.  Pease.     (R.  1861) ..^ 149 

bibliography  of.     Parte  i,  ii— W.  G.  Binnet 142,  174 

duplicate,  collected  by  United  States  exploring  expedition — C.  Wilkes.   193 

from  California,  description  of  new  species  of,  in  U.  S.  National  Museum — 

W.  H.  Dall.     (P.  1878) 882 

from  Costa  Rica  kitchen-midden— W.  H.  Dall.     (P.  1878) 882 

landandfresh-water,  instructions  for  collecting —J.  Lewis.  (R.  1866)  214,363 

land  and  fresh-water,  of  North  America  : 

Part    I.  Pulmonata  ffeophila — W.  G.  Bikhet;  T.  Bland  ^ 194 
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Sheila — Continued. 

land  and  fresh-water,  of  North  America : 

Part  II.  Pulmonaia  limnophUa  and  ThaUaMphila^W.  O.  Biknst.  148 

Part  III.  AmpullariidcBj  ValvaHdcBj  (etc.)— W.  G.  Biitnkt 144 

Part  IT.  StrfpomatidoB  {Amevic&n  melanians) — G.  W.  Tbton,  Jr.  _.  253 

letter  on — J.  Lewis 26S 

North  American,  check-list  of— I.  Lea  ;  P.  P.  Carpenter  ;  W.  Stimp- 

soNj  W.  G.  BiNNBY ;  T.  Prime 128 

North  American,  circular  in  reference  to  collecting 176 

of  Gulf  of  California,  lectures  on  the— P.  P.  Carpenter.     (R.  1859)..  110 

of  Panama,  collected  hy  C.  B.  Adams,  descriptions  of  new  species  and 

varieties  of  ChitonidcB  and  AemcndcB  in — P.  P.  Carpenter 252 

presented  to  Academy  of  Natural  Sciences,  report  on — J.  Leidt  ;  G.  W. 

Tryon.     (R.  1865) - _- 209 

request  for  duplicate— W.  E.  Logan.     (R.  1869) — 110 

Shells — See  Mollusca. 

Shepard,  C.  IJ.     Arrangement  of  mineralogical  collection.     (R.  1861) 149 

Shepard,  B.  M.    Deposit  of  arrow-heads  near  Fishkill,  New  York.     (R.  1877.)  328 

Sherman,  W.  T.     Memorial  address  on  J.  Henry 856 

Sherman,  W.  T.     Report  of  National  Museum  Building  Commission,  1879, 

1880.     (R.  1879;  R.  1880) 845,  442,  409,  434 

Shetland,  vegetable  colonization  of— C.  Martins.     (R.  1858) 109 

Shipping  fresh  fish  and  other  animals,  circular  relative,  to — S.  F.  Baird 384 

Shoal  Lake,  Lake  Winnipeg,  egging  expedition  to — D.  Gunn.     (R.  1867) 215 

Shooting  stars,  observations  on — S.  Masterman.     (R.  1857) 107 

Short  memoirs  on  meteorological  subjects,  translated  by  C.  Abbe.  (R.  1877.)  323,  898 

Shoshone  Indians,  religion,  superstitions,  and  manners  of — A.  G.   Brackbtt. 

(R.  1879) 345 

Shufeldt,  R.  W.    Remarks  upon  osteolofjy  of  Opheosaurus  ventrali^.  (P.  1881. )  4(57 

Siberia,  descriptions  of  new  fishes  from — T.  H.  Bean.     (P.  1881) 467 

Sibley,  H.     Meteorological  telegrams  by  Western  Union  Telegraph  Company. 

(R.  1862) 150 

Sight,  sense  of.     (R.  1806) 214 

Sign  language  among  North  American  Indians — G.  Mallery.     (E.  1879-80.)  476 

Sign  language  of  deaf  mutes — G.  Mallery.     (E.  1879-80) 476 

Siiuridae  of  fresh  waters  of  North  America,  synopsis  of — D.  S.  Jordan 306 

Silver  coins,  assay  of,  at  United  States  Mint — J.  Pollock.     (R.  1868) 224 

Silver  coins,  foreign,  table  of.     (R.  1868). ._ 224 

Silvered-glass  telescope,  on  construction  of — H.  Draper 180 

Simpson,  G.     Letter  to  officers  of  Hudson's  Bay  Company  relative  to  scientific 

researches 137 

Simpson,  J.  H.     Coronado's   march  in  search  of  the  seven  cities  of  Cibola. 

(R.  1869) _.  228 
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Siifsox,  R.     Meteorite  in  Mexico.     (R.  1867) l 216 

Sioux  Indians— A.  G.  Brackbtt.     (R.  1876) ^—  299 

Sioux  Indians,  language  of  the— F.  L.  O.  RoBHBia.     (R.  1871) 249,  878 

Sioux  nation  of  the  upper  Missouri— T.  A.  OaLBBRTSOir.     (R.  1860) 28 

Sioux — See  Dakota. 
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Six  Nations,  wampum  belts  of  the— W.  M.  Bbauchamp.     (R.  1879) 846 
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flora  of  Alaska— J.  T.  Rothrock.     (R.  1867) - 216,  867 

Navajo  Indians— J.  Lkttbrman.     (R.  1856) 77 
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Sketches  of  scenery,  catalogue  of — J.  M.  Stanley ._  68 
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and  long  bones  from  mounds  aear  Albany,  Illinois — R.  J.  Farquhar- 

SON.     (R.  1874) 286 

huihan,  from  Rock  Bluff,  Illinois, description  of— J.  A.  Metos.  (R.  1867.)  216 

human,  present  state  of  ethnology  in  relation  to  form  of  the — A.  Rbtzius. 

(R.  1859) 110 

shell-bed,  from  Rock  Island,  Illinois— A.  S.  TirrANY.     (R.  1874) 286 

Skulls  and  mummy  from  Patagonia — A.  RiBD.     (R.  1862) 160 

Sloth  tribe  of  North  America,  extinct — J.  Leidy • 72 

Smaxlwood,  O.    Description  of  observatory  at  8t.  Martin,  Isle  Jesus,  Canada 

East.     (R.  1856) 91 
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Sudis  ringens,  new  speciee  of  acopoloid  flib  from  Bnnta  BarbufB  cbwiiMl,  Chft- 

fornia,  deseriplion  of— D.  S.  Joudan;  C.  H.  OilBEST.    (P.  1880) i 

SvBse,  £.     Boundary  line  between  geology  and  hietory.     (B.  16T2) ,  i 

Uuggeslions — 

for  ethnological  researches  in  RuBsian  America — O.  OntBS ,    i 

for  forming  polieclions  of  birds'  egga — A.  NlWTOW ,_.„—    1 

for  meteorological  obaervations  in  Russian  America — J  •  Hshby., ■„     ' 

for  sanitary  drainage  of  Washington  city— Q.  B.  Wabino 9 

for  saving  parts  of  the  slccletoni  of  birda — A.  Nkwton,     (R.  1S80) 1 

relativetoetbnologiuslmspofNorLh  America— L.H.MoooAtt.  (R.  18S1.)  1 
relative  to  objects  of  arientlflc  investigations  in  Buaciaa   Aroeri<«— J. 

to  beginners  in  botany — L.  F.  Ward 4 

Sulphurous  acid,  action  of,  upon  putrofactive  bacteria.     (P.  1881) H 

Sumichrast,  F.,  birds  of  Me»ico,  collected  by— G.  N.  Lawrbkck 3 

Bummar;  of  anthropological  correspondence  previous  to  1880 — O.  T.  ILaaox. 

(R.  187B) — i 

Sun— 

chemical  analysis  of  tbe — A.  Lauqkl.     (R.  1801] _.. —  »_   1 

disk  of  the,  eiternal  appearance  of.     (R.  1806) ,       3 

eclipse  of  the,  September  7,  1868- J.  M.  Gili-ibs . .„    1 

eclipse  of  the,  March  15,  1888— T.  Hill  -., .    ] 

eclipse  of  the,  April  25,  1885— M.  DicP8*D08,     (R.  ItW4) - 1 

relative  inteoEily  of  hcul  and  light  of  the— L.  %V.  M»ca.     (S.  ISfiC.)  tt,  I 
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NDXRLANDi  B.     Prayer  at  memorial  of  Joseph  Henry 866 

jn's  distaDce,  means  available  for  correcting  measures  of  the — G.  B.  Airt. 

(R.  1869)... - 110 

iperstitions  of  Shoshone  Indians — A.  G.  Brackett    (R.  1879) 846 

pplement,  asteroid,  to  new  tables  of  planetary  motion — J.  D.  Rukklb 94 

I  rgery,  subcutaneous.    Toner  lecture  No.  vi — W.Adams 302 

rgical  complications  and  sequels  of  continued  fevers.    Toner  lecture  No.  y — 

W.  W.  Keen 300 

rvey — 

in  Michigan,  catalogue  of  rocks,  minerals,  and  ores  collected  in  the — 0.  T. 

Jackson.     (R.  1864) 76 

magnetic,  of  Pennsylvania  and  parts  of  adjacent  States — A.  D.  Bachk.  166 

of  economic  geology  of  Trinidad — G.  P.  Wall  ;  J.  G.  Sawkins.     (R. 

1866) - 91 

of  State  of  New  York— E.  G.  Squier 16 

rveying  expedition.  North  Pacific,  natural  history  of— T.  H.  Streets. • ^  303 

rveys,  Government — See  Explorations. 

'AN,  J.  G. — 

'  Eulachon,  or  candieflsh  of  northwest  coast.     (P.  1880) .^  426 

Haidah  Indians  of  Queen  Charlotte's  Islands,  British  Columbia ^  267 

Makah  Indians  of  Cape  Flattery,  Strait  of  Fuca 220 

Makah  vocabulary 220 

Surf  smelt  of  the  northwest  coast,  and  mode  of  taking  them  by  the 

Quillchute  Indians  of  west  coast  of  Washington  Territory.  (P.  1880.)  426 

edon,  Stockholm,  Academy  of  Sciences.  Acknowledgment  of  birds.  (R.  1867.)  216 

itzerland — 

Concise,  arcbssological  researches  made  at — F.  Troyon.     (R.  1861) 149 

Crania  helvetica— P.  Trotok.     (R.  1864) — 188 

lacustrian  cities  of— P.  Troyon.     (R.  1861) 149 

lacustrian  settlements  in,  abstract  of  Dr.  Keller's  report  on — A.  Morlot. 

(R.  1868) - 187 

Lake  of  Neuch&tel,  palaflttes  or  lacustrian  constructions  of— B.  Desor. 

(R.  1866) 209,360 

Lausanne,  Cantonal  Museum  at,  antiquarian  and  ethnological  coltectionB 

of  the— P.  Troyon.    (R.  1861) — 149 

lecture  on— A.  D.  Bache.     (R.  1870) _ 244 

llabus  of  a  course  of  lectures  on  physics — J.  Henry.     (R.  1866) .— 91 

mbols  for  charts  of  prehistoric  archseology,  international  code  of — G.  db 

MoRTiLLET ;  E.  Chantre.     (R.  1876) 298 

mboli  used  by  James  Smithson 827 

nopsis  of — 

American  JRAt7to6a^(B—S.  Garman.     (P.  1880) 426 

American  wasps,  solitary  wasps — H.  De  Saussurs 254 

oatoetomidflB— D.  S.  Jordan .^ ^ 806 


* 
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Synopsis  of— Continued.  .| 

marine  invertebrata  of  Grand  Manan— W.  Stimpsov -  f§ 

North  American  lepidoptera — J.  G.  Moreis 

North  American  neuroptera — H.  HAasv ;  P.  R.  Uhlxb 

pediculate  fishes  of  east  coast  of  extra  tropical  North  America — ^T.  Gnx. 
(P.  1878)-,- _ Of 

scientific  writings  of  Sir  William  Uerschel — B.  8.  Holdbh  ;  C.  S.  Has- 
tings.    (R.  1880) Ul,4m 

siluridsd  of  fresh  waters  of  North  America — D.  8.  Jordait M 

trochilidsB— D.  G.  Elliott 

useful  and  injurious  animals — G.  B.  Goode ,. 

Synoptical  tables  of  characters  of  mammals — T.  Gill 


i 


Synthetic  experiments  relative  to  meteorites — G.  A.  DAUBaftB.     (R.  1868) 

Syria,  Beirutj  sarcophagus  from — A.  A.  Harwood.     (R.  1870) 

System — 

meteorological,  of  Smithsonian  Institution — £.  Forxmait.     (R.  1851; 
R.  1862)... - 61,  ff 

of  accounts  adopted  by  Board  of  Regents.     (R.  1866) ^    M 

of  combined  meteorological  observations,  report  on,  by  committee  of 
American  Association  for  Advancement  of  Science.     (R.  1851) H 

of  numeration,  improved,  report  on — W.  B.  Tatlor.     (R.  1867) HI   .i 

of  weights  and  measures,  new — G.  H.  Knight.     (R.  1867) .    Ill    j 

solar,  harmonies  of  the — S.Alexander 91 

Systematic — 

index  of  Smithsonian  publications.     (R.  1868) . 224,419 

index  to  list  of  foreign  correspondents 

list  of  batrachia  and  reptilia — E.  D.  Cope 

review  of  classification  of  birds — W.  Lilljeboro.     (R.  1865) 209, 

Systems  of  consanguinity  and  affinity  of  the  human  family — L.  H.  Morgan.. 

Systems  of  relationship  of  Cree  Indians — E.  A.  Watkins.     (R.  1862} 
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able  of— 

anthropological  measurementf— SoHXBZKB ;  ScHWARz.    (B.  1866) 214 

chomical  equivalents  of  sixty-three  elements.     (R.  1864) 188 

distribution  of  birds— G.  N.  Lawrence.     (P.  1878) 832 

foreign  gold  and  silver  coins.     (B.  1868) 224 

ables — 

asteroid— J.  D.  Bunklb 94 

*  barometrical— A.  Guyot - 168 

for  conversion  of  centigrade  degrees  to  Fahrenheit's  scale.     (R.  1868)  ..    187 

for  determining  values  of  coefficients  in  perturbative  function  of  planetary 

motion  which  depend  on  ratio  of  mean  distances — J.  D.  Rumklb..     79 

hygrometrical — A.  Guyot 158 

hypsometrical — A.  Guyot 168 

meteorological — A.  Guyot 31, 153 

metric— H.  A.  Newton.     (B.  1866) 209,  371 

miscellaneous — A.  Guyot 168 

mortality,  methods  of  interpolation  applied  to.     Parts  i,  ii — E.  L.  Db 

Forest.     (R.  1871 ;  B.  1878) - 249,  276 

of  atmospheric  temperature — C.  A.  Schott 277 

of  constants  of  nature  and  art— 0.  Babbaoe.     (B.  1866) 91 

of  expansion  by  heat.    Constants  of  Nature,  Part  iii — F.  W.  Clarke.   289 

of  meteorological  corrections — A.  Guyot 168 

of  motion  of  Neptune — 8.  Newcomb 199 

of  motion  of  Uranus — S.  Newcomb 262 

of  precipitation  in  rain  and  snow — C.  A.  Schott 222,  353 

of  variations  of  elements  of  orbits  of  the  eight  principal  planets — J.  N. 

Stockwell 282 

of  weights  and  measures,  English  and  French.     (B.  1863-1866.)  187,  188,  209 

of  winds  of  the  globe — J.  H.  Coffin;  S.  J.  Coffin 268 

physical— A.  Guyot 153 

psych rumotrical — J.  H.  Coffin 87 

specific  gravity.     Constants  of  Nature,  Part  i,  and  supplement — P.  W. 

Clarke 255,  288 

specific  heat.     Constants  of  Nature,  Part  ii— F.  W.  Clarke 276 

thermometrical — A.  Guyot l-W 

iblet,  Palonquo— C.  Bau 331 

nccniNi,  P.     Evaporation  observed  at  Palermo  in  1865  and  1866.     (B.  1870.)  244 

impa  Bay,  Florida,  shell-heaps  of— S.  T.  Walker.     (B.  1879) 845 

ingencies  of  circles  and  of  spheres — B.  Alyord 80 

Lste,  sense  of.     (B.  1866) : - 214 
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Tksidermy,  classiBcatioD  of  collectioiu  of  tJ.  B.  National  Kiuenai  h>  Olna 
Wtof— W.  T.  HORSADAT.      (P.  1881) 

Taylor,  A.  S.    Grtiuboppera  and  locusts  of  America.    (R.  1866) .  ! 

Tatlor,  F.  W.    Report  of  chemist  of  SuithBotiiui  Inatitution.     (B.  1880)— 

Tailor,  W.  B.— 

Henry  and  the  telpgrapb.    (R.  1B78).._ Ml,4 

Kinetic  tbeoriea  of  gravitation,    (R,  1876) M^S 

Memoir  on  the  Bcientific  work  of  Joeeph  Henry X5S,S 

Refraction  of  touod.     (R,  1875) | 

Report  on  improved  Bystem  of  numeration.     (R,  1B6T) ■  > 

Thoughts  on  the  naturo  and  origin  of  force.     (E.  1870) SU.M 

Tatlor,  "W.  M.    Ancient  mound  in  wcttern  Peno^ylvaaia.     (R.  1877]  ,,    I 

Telegrams,  astronomical,  circular  relative  to — J,  Hehbt ■ 

Telegrams,  meteorological,  by  Western  Union  Telegraph  Company — H.  Siblkt. 

(R.  1862) - tl 

Telegrams  read  at  memorial  of  Joseph  Henry I 

Tel^raph— 

American  flre-alarm,  lecture  on  the — W.  P.  CsAiniiKa.     (R.  ISM) 1 

electro- magnetic,  deposition  of  J.  Henry  in  relation  to.  (R,  18a7)._  m,| 
electro-magnetic,Henry'8contribu[ionto—W.B, Tatlor.  {R.  1878.)  Ml, 4 
electro-magnetic.  Horse's  invention — W.  B.  Taxlor.  (R.  1878)  ..  Sll,ll 
eleclro-mugnetic,  proceedings  of  Board  of  Regents  in   relation   lo.     .  R. 

18j7) 107,  lU 

Henry  and  Ibe— W.  B.  Taylor.     (R.  1678) 

history  of  the— J.Hbsrt-     (R.  1857) _ 

influence  of  aurora  on  tbo— W.  D.  Saroent.     (R.  1870) _ 

lines,  phenomena  in,  during  auroras— G.  B.  Domati.     (R.  1872j 

report  of  Committee  of  Regents  on  Ibe.     (R.  1857) 107,  116,4 

I.  P.  ChaferelaliTetothp,     (R.  1857) _ lOT,  116,4 

ilof  L.  D.  Gale  relative  to  the.     [R.  1857)-. |07,  ll^fl 

it  of  Janios  Hull  relative  lo  the.     {R.  1B57) „ 

it  of  J.  Henry  relative  to  history  of.     {R.  18 J7) 107,  11^ | 

statement  of  Charles  Musun  relative  lo  the.     (R.  1857) 107,  Ul^l 

Teiegrsphic  announcements  of  astronomical  discoveries — .1.  Henkt _^_  fl 

Telescoiic — 

Henry  Draper's,  account  of— T.  W.  Wibb.     (R.  186-() _„  1 

silvcrcd-glusa,  construction  of,  and  its  use  in  celestial  photography — H> 


Spencer's,  examination  of,  for  Hamilton  College,  Clinton,  N.T.   (R.  laHh)     P 
Tern  perm  uro— 

chart  of  United  States  for  the  year- C.  A.  Scnorr ,         M^' 

charts  of  United  Slato«,  summer,  winter,  *nd  year — 0.  A.  fl 
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Temperature — Continued. 

in  ascending  currents  of  air,  laws  of  variation  of — J.  Hank.  (R.  1877.)  828|  898 

in  ascending  moist  currents  of  air,  laws  of  variation  of — L.  Sohnckb. 

(R.  1877) 823,  898 

mean,  best  hours  to  find— C.  Dkwky.     (R.  1867;  R.  1860) -_ 107,  147 

observations  in  the  Arctic  Seas — I.  I.  Hates 196 

observations  in  the  Arctic  Seas — E.  K.  Kanb 104 

observations  in  the  Arctic  Seas — F.  L.  McClintock 146 

of  St.  Louis,  Missouri — A.  Fendler.     (R.  1860) 147 

tables  for  United  States  and  adjacent  parts  of  America — C.  A.  Schott..  277 

underground — 0.  A.  Schott;  J.  D.  Everett.     (R.  1874) 286 

Temperature — See  Kane,  Hayes,  Meteorology,  etc. 

Tempests  and  tornadoes,  distinction  between — J.  B.  Lamarck.     (R.  1871) 249 

Tennessee — 

aboriginal  remains  of— J.  Jonbsi .  .- .'  259 

Alleghany  region  of,  fishes  of— D.  S.  Jordan;  A.  W.  Bratton 808 

antiquities  in— 1.  Dillb.     (R.  1862) 160 

antiquities  in— E.  O.  Dunning.     (R.  1870) 244 

antiquities  of— W.  M.  Clark.     (R.  1877) 828 

antiquities  of — J.  Jones 259 

antiquities  of— D.  F.  Wright.     (R.  1874) 286 

Blount  county,  antiquities  of— A.  E.  Law.     (R.  1874) ^  286 

Chattanooga,  ancient  mound  near — M.  C.  Read.     (R.  1867) 216 

East,  mound  in— A.  F.  Danilsen.     (R.  1863) 187 

explorations  in— E.  A.  Dayton.     (R.  1870) 244 

Hardin  county,  aboriginal  ruins  in— J.  P.  Stelle.     (R.  1870) 244 

herbarium  captured  in— H.  R.  Wirtz.     (R.  1862) 160 

Jackson  county,  antiquities  of— J.  Haile;  J.  W.  McHenrt.    (R.  1874.)  286 

Nashville,  antiquities  of— R.  S.  Robertson.     (R.  1877) 828 

Savannah,  aboriginal  ruins  at — J.  P.  Stelle.     (R.  1870) 244 

stone  image  in,  discovery  of— B.  M.  Grant.     (R.  1870) 244 

Terrestrial  magnetism — 

observations  on — W.  Uarkness 289 

observations  on — J.  Locke 35 

observations  on — Baron  von  Muller;  A.  Sonntaq .  114 

Terrestrial  magnetism — See  Bache,  A.  D. 

Terrestrial  physics,  articles  on.     (R.  1870) 244 

Tertiary  fossils,  presented— Imperial  Geological  Institttte,  Vienna.     (R. 

1863) -  187 

Testing  building  materials,  on  mode  of— J.  Henry.     (R.  1866) 91 

Testing  results  of  perspiration  and  respiration,  apparatus  for — M.  Pettenkofer. 

(R.  1864) - - 188 
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TeU9— 

bail  atorm  in— G.  M.  Bachb.     (B.  IB70) 

new  oreUceoua  inTertebrate  foisils  from,  descripUons  of — O.  Jl.  Writb. 
(P.  187fl) 

ornitholoey  ofi  notei  on — J.  C.  Hsrkill.     (P,  1878) 

plants  of,  Eollected  by  C.  Wright.    FarU  I,  u— A.  Gray 31,  (3 

zoologieiil  poiition  of — E.  D.  Cope „ , — , „. 

Thala^gopbila— W.  G.  Binnbt 

ThSnard,  L.  J.,  momoir  of,  by  M,  Plodrkns,     (R.  1862)    

Theoretical  researchcB— See  Plateau,  J. 

Theories,  kinetic,  of  grRvitatloo— W,  B.  Taylor.     (R.  18Tfl) 

Theory- 
mechanical,  of  heat,  prindplea  of— J.  Mullbb.     (R   18881 

modern,  of  chemical  types — O.  M.  Wetherill.     (R.  1S63) 

of  LeaC,  recent  progress  in  relation  to — fi..  CAEiit.     (B,  1868} 

ThermometiiricnlcB,  luble  for  conversion  of  centigrade  ^>  FahrenWL  (R,  ISOS.)    W 

Tkermomeler,  wet  &nd  dry  hiitb,  tables  far — J.  H.  Cofpix.  . 

The  rmometriu  observations ICT 

Thermometrical  lubles — A.  Gctot 

TaoKPsoN,  T.     Mounds  in  Iowa  and  Illinois.     (B.  18T9) .,    M 

Thoughts  on  the  natuio  and  origin  of  forve— W-  B.  Taylor.     (R.  18T0}„  H4,  9tS 

Thrushes,  description  of  two  new,  fhiiii  United  States — R.  Ridqwat.    (P,  1B31.)    MT 

Thunder— 

and  lightning,  obaervBtions  on — 3.  HAeTEitMAic.     (B.  IBS.Ii)  . 

storm,  on  John  Wise's  observotion  of  a— B   Habb.     (R.  1854) U 

storms,  instructions  for  observations  of^J.  HKtfiti 

Tidal  observations — 

al  "Wolatenbolm  Sound— Com.  Saditdbos 

in  the  Arctic  Seas— 1.  I,  IIayb3 

in  the  Arctic  Seas— E.  K.  Kane 

Tide,  flood,  Inw  of  deposit  of  the — C.  H.  Davis 

Tides  and  tidal  action  in  harbors — J.  B.  Hii^aro.     (R.  1674) S8S,  IMj 

TiiTAMY,  A.  S.     SbelUbed  skull  ftom  Illinois.     (B.  1874). i 

Timber  of  submarine  structures,  occurrence  of  Chttura  Itrtbraru,  ■  cruitncaan 
destructive  to— 3.  I.  Smith.    (P.  1878) I 

Time  and  apHce,  lecture  on  roUtiona  of— S.  Albzahosb.     [B,  I88I) 1 

Tinneh  or  Chepewysn  Indinns  of  British  America — G.  OlVBs;  W.  Tt.  HaaD- 

I8TY;  S.  Jones;  B.  B.  Boss.     (B.  1888) X14,a 

Tipuliduj,  monograph  of^R.  Ostbk  Sacbbh , ., ,    flt 

Toellner,  A.     AntiqiiilicE  of  Rock  laland  county,  Illinois.     (R.  )B70)      ,     . 

Tokio,  University  of,  catalogue  of  Japanese  woods  presented  hf — Ii.  F.  WiUUt. 

(P.  1881) , 
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Tompkins  coanty,  New  York,  ancient  fort  and  burial  ground  in — D.  Tbow- 

BKiiKiv.    CR.  1868) 187 

Tons,  J.  M.    Deed  of  foundation  of  Toner  lectures.     (B.  1872) 271,  829 

Toner  lectures — 

No.  I.  On  the  structure  of  cancerous  tumors  and  the  mode  in  which  adja- 
cent parts  are  invaded — J.  J.  Woodward 266 

II.  Dual  character  of  the  brain — C.  E.  Bbown-S£quabd 291 

III.  On  strain  and  over-action  of  the  heart — J.  M.  Da  Costa 279 

nr.  A  study  of  the  nature  and  mechanism  of  fever — H.  0.  Wood 282 

y.  On  the  surgical  complications  and  sequels  of  the  continued  fevers, 
with  a  bibliography  of  works  on  diseases  of  the  joints,  bones, 
larynx,  the  eye,  gangrene,  hsomatoma,  phlegmasia,  etc. — W.  W. 

KsKK 300 

Yl.  Subcutaneous  surgery,  its  principles,  aod  its  recent  extension  in 

practice — W.  Adams 302 

YU.  The  nature  of  rcparatory  inflammation  in  arteries  after  ligature, 

acupressure,  and  torsion — B.  O.  Suakespsark 321 

YUi.  Suggestions  for  the  sanitary  drainage  of  Washing^n  city — G.  B. 

Waring,  Jr. 349 

Tonto  Apaches,  notes  on  the— C.  Smart.     (R.  1867) 216 

Topography  of  Black  Mountain,  North  Carolina — T.  L.  Clinoman.   (R.  1855.)  77 

Tornado  in  Spruce  creek  valley.  Centre  county,  Pennsylvania— J.  B.  Mksk. 

(B.  1871) - - 249 

Tornado  near  New  Harmony,  Indiana,  April  80,  1852 — J.  CHAFPELSMiTn 59 

Tornadoes  and  tempests,  distinction  between — J.  B.  Lamarck.     (R.  1871) 249 

Tornadoes,  queries  relative  to— J.  Hsnry 190 

Toronto — 

Observatory,  instructions  by,  for  observations  of  aurora 148 

Observatory,  map  of  stars  near  North  Pole  used  by -  850 

University.     Objects  of  the  museum.     (R.  18C5) 209 

University.     Scientific  cooporution.     (R.  1861) 149 

Torrey,  John,  memoir  of,  by  A.  Gray.     (R.  1878)  — 276 

TOBRBT,  J.— 

Observations  on  the  Batia  maritima 60 

On  the  Darlingtonia  Califomiea^  a  new  pitcher  plant  from  northern  Cali- 
fornia   61 
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